
Ohio River Ecosystem Restoration Program- Appendix H - Example Ecosystem Restoration Project 1

EXHIBIT H-3.  EXAMPLE 2.  BARREN CREEK AND BIG BAY CREEK
EMBAYMENTS, ILLINOIS

4.1  Description of Project and Impacts
4.2  Incremental Analysis
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EXHIBIT H-3
4.1 BARREN CREEK AND BIG BAY CREEK EMBAYMENTS (IL-10)

1.0 Location

The proposed Barren Creek and Big Bay Creek embayment project area is located in Pope
County, Illinois
approximately
11.6 miles
northeast of
Paducah,
Kentucky.  The
project site is in
the Ohio River
Smithland Pool
between Ohio
River Mile (ORM)
909.4 and 910.9.
The project site is
within the
jurisdiction of the
Louisville District,
U.S. Army Corps
of Engineers
(USACE).

2.0 Project Goal

The primary goal of the Barren Creek and Big Bay Creek embayment project is to provide
shallow water and rock spawning habitat for fish and to restore and maintain the openings to the

Barren Creek and Big Bay
Creek embayments.  The
opening for Barren Creek
would require maintenance
dredging prior to the
installation/construction of a
rock revetment and Big Bay
Creek would require the
installation/construction of a
rock revetment.  Installation of
the hard point structures
would create habitat diversity
for aquatic species such as
fish and benthic invertebrates,
especially the federally-listed
endangered fat pocketbook
pearly mussel (Potamilus
capax).
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3.0 Project Description and Rationale

The Barren Creek and Big Bay Creek embayment project is designed to provide shallow water
and rock spawning habitat for fish and to restore and maintain the openings to the Barren Creek
and Big Bay Creek embayments.

Dredging: The opening for Barren Creek would require maintenance dredging prior to the
construction of a rock revetment.  The opening to the embayment has been filled with
silt/sediment.

Rock Structures (Hard Point Structures):  Installation of the hard point structures would:
1) reduce the need for future embayment dredging by reducing sedimentation within the
embayment mouths; and 2) create habitat diversity for aquatic species such as fish and benthic
invertebrates, including the federally-listed endangered fat pocketbook pearly mussel.

Revetment:  Big Bay Creek would require the construction of a rock revetment to protect the
eroding riverbank and provide rock habitat within the project area.

4.0 Alternatives to Proposed Project
Before entering into the Ohio River, Big Bay Creek parallels the Ohio River for approximately
0.5 miles between ORM 909.5 and 910.  A narrow peninsula of farmland separates Big Bay
Creek and the Ohio River.  The bank of the Ohio River immediately upstream from the opening
of Big Bay Creek between ORM 909.5 and 910 is currently being actively eroded.  The bank
has little woody vegetation, and the adjacent floodplain area is being farmed up to the riverbank.
Since this bank is on the outside bend of the Ohio River and since there is no natural vegetation
to control the erosive forces of the river’s currents, especially during high flow periods, the
proposed project includes a proposal to armor the bank with rip-rap between ORM 909.5 and
910.
An alternative habitat restoration project to consider would be to cut/dredge a channel between
the main channel of the Ohio River and Big Bay Creek near ORM 909.5.  This channel would
have to be dredged through the peninsula for approximately 400-500 feet before it could be
connected with Big Bay Creek.  Constructing the channel would change the narrow peninsula of
farmland into an island.  Since this area is on the outside bend of the Ohio River, some water
flow could be diverted around the island creating a back-channel off the main Ohio River
channel.  Placement of a hardpoint diversion structure upstream from the proposed island could
enhance the amount of flow into the channel around the newly created island.  Armoring the
upstream and main channel banks could stabilize the island, and the remainder of the island
could be replanted with preferred bottomland hardwoods.
The primary benefits associated with this project would include increased aquatic habitat,
increased terrestrial habitat due to land acquisition and habitat improvements (reforestation).
The primary adverse issues to be considered with this alternative would be the requisite land
acquisition or easement purchase of the peninsula, which is currently being partially farmed,
and the short-term adverse affects during construction of the dredged channel.

5.0 Existing Conditions

Terrestrial/Riparian Habitat:  The Illinois bank of the Ohio River between the mouths of Big
Bay Creek and Barren Creek is dominated by a narrow band of riparian trees.  The dominant
species present in the stand include box elder (Acer negundo), black willow (Salix nigra),
cottonwood (Populus deltoides), and silver maple (Acer saccharinum).  The floodplain area
behind the narrow riparian stand is agricultural.
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A narrow peninsula of farmland separates Big Bay Creek and the Ohio River between
ORM 909.5 and 910.  The bank of the Ohio River immediately upstream from the opening of Big
Bay Creek between ORM 909.5 and 910 is currently being actively eroded.  The bank has little
woody vegetation, and the adjacent floodplain area is being farmed up to the river bank.  Small
black willow saplings and a few scattered trees are present along the eroding bank, however the
riverbank is generally dominated by herbaceous vegetation.

Aquatic Habitats:  The proposed location of the Barren Creek and Big Bay Creek embayment
improvements would occur along the Illinois bank of the Ohio River between ORM 909.5 and
910.  A narrow littoral zone extends from the bank to approximately 5-20 yards from the bank
before dropping rapidly into the main Ohio River channel.  The banks are characterized by
mud/silt and the bottom substrates are composed primarily of silt and fine sand.  There is a
complex stand of tree stumps in the littoral zone as the result of the increased water levels
associated with the completion of the Smithland Dam in the early 1980’s.  The increased water
levels in the Smithland pool transformed the affected portions of Barren and Big Bay Creeks in
the project area from free flowing streams to small slackwater embayments.  The increased
water level killed the trees in the affected portion of the riparian zone, and the tree stumps are
all that remain.

Wetlands:  There are no jurisdictional wetlands present in the immediate vicinity of the
proposed Barren Creek and Big Bay Creek embayment improvements.  Wetlands in the vicinity
of the project would be restricted to the bottomland hardwoods associated with the riparian zone
adjacent to the Ohio River.

Federally-Listed Threatened and Endangered Species:  According to the U.S. Fish and
Wildlife Service (USFWS), there are five federally-listed threatened and endangered species
known to occur in Pope County, Illinois and one species that is listed as a species of concern
under a candidate conservation agreement (Table 1).

Table 1.  Federally-listed species known to occur in Pope County, Illinois.
Common Name Scientific Name Federal Status Potential

Habitat Present
bald eagle Haliaeetus leucocephalus Threatened yes

interior least tern Sterna antillarum Endangered no

gray bat Myotis grisescens Endangered no

Indiana bat Myotis sodalis Endangered yes

fat pocketbook
pearly mussel

Potamilus capax Endangered yes

copperbelly
watersnake

Nerodia erythrgaster
neglecta

Not listed (species of
concern under a
conservation agreement)

yes

Source:  Parsons Engineering Science, 2000

Illinois State-Listed Species:  According to the Illinois Department of Natural Resources
(IDNR) database, there are many state-listed-species known to occur in Pope County, Illinois.
The database listings for Pope County are attached in Appendix A.
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Barren Creek Embayment

Big Bay Creek Embayment
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6.0 Engineering Design and Requirements

6.1 Existing Ecological/Engineering Concern
The Barren Creek and Big Bay Creek mouths have become clogged with sediments due
to several factors.  These factors include: raised water levels from the impoundment of
the Smithland Pool; which reduced the headwater currents from Barren and Big Bay
Creeks near their mouths; deposition of silt from the main Ohio River Channel,
especially during flood events; wave action from barge traffic; and headwater sediments
from Barren Creek and Big Bay Creek.  Barge traffic coupled with the scouring affects of
the water velocities on the outside bend of the Ohio River has created the erosion
problem north of the mouth of Big Bay Creek.

6.2 Barren Creek Embayment

Dredging - Maintenance dredging of the mouth of the embayment is required to
reestablish a suitable depth for boater access and to provide a suitable sub-grade for the
rock revetment at the mouth.  An estimated 3,800 cubic yards of silty-clay material would
be dredged to restore depths of 9-12 feet in the embayment mouth.   A dredge disposal
site is adjacent to the embayment.  A small geotube levee 350 feet in length, would be
constructed at the designated disposal site for dewatering.

Example of a Geotube Levee

6.2.1 Embayment Rock Revetment – A rock revetment has been designed to
attempt to slow the rate of sedimentation.  This large rock structure would
provide an area of increased velocities, which would create a scour hole
at the embayment mouth.  Numerical or physical modeling should be
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used to evaluate the performance of the proposed structures to maintain
the openings and evaluate any potential effects to navigation during the
preconstruction, engineering, and design (PED) phase of the project.

Design Features:
♦  The structure would extend downstream at a 60-degree angle from

the channel bank for 115 feet.  The structure would then turn and be
parallel to the bank for 220 feet (Figure 1).

♦  The top width is 5 feet with 1.5 to 1 side slopes.
♦  The dike shall be toed into the sub-grade a minimum of 2 feet and

stand above the channel bottom 6 feet.
♦  The top of the structure shall be a minimum of 3 feet below the normal

pool elevation of 324.0.  A depth of 3 feet was chosen to
accommodate the majority of recreational boat traffic.  If deemed
necessary, marker buoys would be put in place to mark the channel.

♦  The size of the rock used shall be uniformly graded limestone with
each rock weighing between 50 and 100 pounds.  Normally a well-
graded rock would be used, however, a uniform gradation would
provide better aquatic habitat.  The use of 50-150 pound rock is
included in the project design for costing purposes and is anticipated
to be appropriate for the required construction.  The size of rock
should be determined during the preconstruction, engineering, and
design (PED) phase of the project.

Figure 1. Embayment revetment detail.
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6.2.2 Bank protection – Due to the increased velocities created by the
embayment revetment, the channel bank would need to be protected.

Design Features:
♦  Clean slope of all trees and brush
♦  Excavate bank to provide a 2:1 slope
♦  Cover slope with a filter fabric with the following properties:

Table 2. Properties of filter fabric
Physical
Property

Test Method Requirements

Equivalent
Opening Size

Corps of Engineers
CWO 2215-77

Equal to greater than
U.S. No. 50 Sieve

Tensile Strength
@ 20%
(Maximum)

VTM-52 30 lbs./linear inch
(Minimum)

Puncture
Strength

ASTM D751 80 lbs. (Minimum)

♦  Rip-rap shall extend up the banks of the channel to a height of 12 feet
vertically from the channel bottom (Figure 2).

Figure 2. Bank stabilization detail.
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6.3 Big Bay Creek Embayment

6.3.1 Embayment Rock Revetment – A rock revetment has been designed to
attempt to slow the rate of sedimentation.  This large rock structure would
provide an area of increased velocities, which would create a scour hole
at the embayment mouth.  Numerical or physical modeling should be
used to evaluate the performance of the proposed structures to maintain
the openings and evaluate any potential effects to navigation during the
preconstruction, engineering, and design (PED) phase of the project.

Design Features:
♦  The structure would extend downstream at a 60 degree angle from

the channel bank for 115 feet.  The structure would then turn and be
parallel to the bank for 335 feet (Figure 1).

♦  The top width is 5 feet with 1.5 to 1 side slopes.
♦  The dike shall be toed into the sub-grade a minimum of 2 feet and

stand above the channel bottom 6 feet.
♦  The top of the structure shall be a minimum of 3 feet below the normal

pool elevation of 324.0.  A depth of 3 feet was chosen to
accommodate the majority of recreational boat traffic.  If deemed
necessary, marker buoys would be put in place to mark the channel.

♦  The size of the rock used shall be uniformly graded limestone with
each rock weighing between 50 and 100 pounds.  Normally a well-
graded rock would be used, however, a uniform gradation would
provide better aquatic habitat.

6.3.2 Bank protection – Due to the increased velocities created by the
embayment revetment, the channel bank would need to be protected.

Design Features:
♦  Clean slope of all trees and brush
♦  Excavate bank to provide a 2:1 slope
♦  Cover slope with a filter fabric with the following properties:

Table 3. Properties of filter fabric
Physical
Property

Test Method Requirements

Equivalent
Opening Size

Corps of Engineers
CWO 2215-77

Equal to greater than
U.S. No. 50 Sieve

Tensile Strength
@ 20%
(Maximum)

VTM-52 30 lbs./linear inch
(Minimum)

Puncture
Strength

ASTM D751 80 lbs. (Minimum)

♦  Rip-rap shall extend up the banks of the channel to a height of 12 feet
vertically from the channel bottom (Figure 2).
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7.0 Project Diagram

7.1. Barren Creek Embayment

7.2. Big Bay Creek Embayment
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8.0 Planning/Engineering Assumptions
8.1 Barren Creek Embayment

♦  Average channel velocities are 3 feet per second.

♦  All rip-rap material would be shipped by barge to the project site.  All costs for
shipping are included in the material costs.

♦  A small swinging ladder, cutterhead dredge machine is used for all dredging.
8.2 Big Bay Creek Embayment

♦  Average channel velocities are 3 feet per second.

♦  All rip-rap material would be shipped by barge to the project site.  All costs for
shipping are included in the material costs.

8.3 Environmental
♦  Mussel surveys of project areas should be accomplished prior to the start of

any work to ensure that threatened or endangered mussel species will not be
affected.

9.0 Cost Estimate (Construction and Land Acquisition):

9.1 Barren Creek Embayment - Construction costs for the proposed project are
contained on Table 4.  A detailed MCACES cost estimate for the proposed
project is included in Appendix D.

Table 4.  Construction Costs
Item Cost
Dredging $11,700
Embayment Revetment $94,400
Mobilization and Contingencies @ 20% $21,200
Mussel Survey $5,000
TOTAL $ 132,300

9.2 Big Bay Creek Embayment - Construction costs for the proposed project are
contained on Table 5.  A detailed MCACES cost estimate for the proposed
project is included in Appendix D.

Table 5.  Construction Costs
Item Cost
Embayment Revetment $58,400
Bank Protection $250,300
Mobilization and Contingencies @ 20% $61,800
Mussel Survey $5,000
TOTAL $ 375,400
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10.0 Schedule:

10.1 Barren Creek Embayment - The estimated construction time for this project is
shown on Table 6.

Table 6.  Construction Schedule.
Item Time
Mobilization 5 Days
Dredging 9 Days
Embayment Revetment 10 Days
Protection and Restoration 2 Days
TOTAL 26 Days

10.2 Big Bay Creek Embayment – The estimated construction time for this project is
shown on Table 7.

Table 7.  Construction Schedule.
Item Time
Mobilization 5 Days
Embayment Revetment 6 Days
Bank Protection 30 Days
Protection and Restoration 3 Days
TOTAL 44 Days

11.0 Expected Ecological Benefits

Terrestrial/Riparian Habitat:  The Barren Creek and Big Bay Creek embayment improvements
would be constructed on or adjacent to the Illinois bank of the Ohio River near the mouths of
Barren Creek and Big Bay Creek.  Protecting/armoring the bank upstream from Big Bay Creek
and near the rock revetments associated with the mouths of Barren and Big Bay Creeks would
insure that the terrestrial/riparian habitats are not eroded by the Ohio River currents.  Bank
stabilization at these locations would be considered a long-term beneficial impact to
terrestrial/riparian habitats.

Aquatic Habitats:  The structure of the rip-rap dike coupled with localized changes in flow
patterns and the scouring effects downstream from the rock revetments would lead to improved
habitat diversity for aquatic species.  Dredging of the mouth of Barren Creek would result in
long-term beneficial impacts to fishes due to the improved/deepened access to the Barrens
Creek Embayment.  Fishes would be allowed free access to the embayment, especially during
low flow periods.  Since habitat requirements may change seasonally, improved access to the
embayment coupled with the long-term scouring of the mouth of the embayment from the
placement of the rock revetment would be considered beneficial.

The riverbank is characterized by mud/silt, and the bottom substrates are composed primarily of
silt and fine sand.  The aquatic habitats in the immediate vicinity of the proposed revetment
locations are characterized by a narrow littoral zone that extends from the bank to
approximately 5-20 yards from the bank before dropping rapidly into the main Ohio River
Channel. There is a stand of tree stumps in the littoral zone, which provides quality habitat for
various aquatic species, especially fish.  The addition of the hard substrate (rip-rap) would result
in long-term beneficial impacts to aquatic species due to the increase in the habitat diversity.
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Wetlands:  There would be no reasonably foreseeable beneficial impacts to jurisdictional
wetlands as a result of constructing the Barren Creek and Big Bay Creek embayment
improvements.

Federally-Listed Threatened and Endangered Species:  Following the construction of the
revetments, it is anticipated that the effects of the Ohio River currents flowing over the
structures during high flow periods would result in the formation of a scour hole immediately
downstream from the revetment.  The effects to the altered bathymetry and the addition of rock
substrate may be beneficial for benthic invertebrate populations in the project area.

There would be no reasonably foreseeable beneficial impacts to Indiana bats, gray bats, bald
eagles, or copperbelly watersnakes as a result of constructing the Barren Creek and Big Bay
Creek embayment improvements.

Illinois State-Listed Species:  The only state-listed species that could be impacted by the
proposed project would be the ebonyshell (Fusconaia ebena), which is a freshwater mussel that
is considered a species of special concern in Illinois.  Beneficial impacts to state-listed
freshwater mussels would be similar to those impacts discussed above for the fat pocketbook
pearly mussel.

Socioeconomic Resources:  There would be short-term and long-term beneficial impacts to
socioeconomic resources as a result of implementing Barren Creek and Big Bay Creek
embayment improvements.  The short-term beneficial impacts would be related to costs and
local expenditures associated with the construction and dredging operation.

Potential Adverse Environmental Impacts

Terrestrial/Riparian Habitat:  During the dredging operation and construction of the
revetments, there would be a potential for short-term adverse impacts to terrestrial species from
construction-related noise and disturbance.  Considering the existing high volume of
disturbance from barge traffic along the Ohio River and recreational boat usage in Barren and
Big Bay Creeks, it is likely that the increased noise/disturbance impacts would be very minor.

Depending upon the placement of dredge material, there may be localized adverse impacts to
terrestrial species.  There would be minor short-term adverse impacts to terrestrial/riparian
vegetation during construction of the rip-rap bank stabilization.
Aquatic Habitats:  There would be a potential for adverse affects to aquatic species, especially
immobile benthic invertebrates during the construction of the Barren Creek and Big Bay Creek
embayment improvements.  Localized populations of benthic invertebrates could be covered
with rip-rap during the construction of the revetments.  In addition, sensitive aquatic species
immediately downstream from the dredge site could be adversely impacted by degraded water
quality associated with displaced sediments.  As presently envisioned, approximately 3,800
cubic yards of sediments would be removed from the mouth of Barrens Creek.  The adverse
impacts to aquatic species would be short term, and the overall beneficial impacts of the
restoration project would outweigh the adverse impacts.  When considering the amount of
sediment that is displaced annually in the Ohio River system by maintenance dredging of the
navigation channel, the additional dredging of Barrens Creek would be considered
inconsequential.

Wetlands:  There would be no adverse affects to jurisdictional wetlands as a result of
constructing the Barren Creek and Big Bay Creek improvements.

Federally-Listed Threatened and Endangered Species:  There would be a potential for
adverse effects to the fat pocketbook pearly mussel during the construction of the Barren Creek
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and Big Bay Creek embayment improvement.  If present, individual mussels or localized
populations could be covered with rip-rap during the construction of the revetments.  In addition,
mussels immediately downstream from the construction/dredge site could be adversely
impacted by perturbed water quality conditions associated with displaced sediments.  Adverse
impacts to fat pocketbook pearly mussels could be minimized by conducting surveys and
potentially relocating the endangered mussels prior to construction.

It would be unlikely that the Indiana bat, gray bat, bald eagle, copperbelly watersnake, or the
interior least tern would be adversely affected by the construction of the Barren Creek and Big
Bay Creek embayment improvements.

Illinois State-Listed Species:  According to the Illinois Department of Natural Resources
(IDNR) database, there are many state-listed-species known to occur in Pope County, Illinois,
and these species are listed in Appendix A.  The only state-listed species that could be
adversely impacted by the proposed project would be the ebonyshell (Fusconaia ebena), which
is a freshwater mussel that is considered a species of special concern in Illinois.  Adverse
impacts to state-listed freshwater mussels would be similar to those impacts discussed above
for the fat pocketbook pearly mussel.

Socioeconomic Resources:  There would be no reasonable foreseeable adverse
socioeconomic impacts as a result of implementing the Barren Creek and Big Bay Creek
embayment improvements.

12.0 Mitigation

Minor impacts associated with dredging and rock placement may occur during the construction
of this project.  No significant adverse impacts are expected.  Adverse impacts associated with
dredge material placement can be minimized by using effective dewatering procedures (if land
disposal occurs) to reduce siltation/turbidity that may have a short-term adverse impact on local
water quality.  Prior to the placement of the rock structures, mussel surveys (including requisite
mussel relocations), should be conducted to assure that no impacts would occur to threatened
and/or endangered mussels in the area.

13.0 Preliminary Operation and Maintenance Costs
13.1 Barren Creek Embayment -  Operation and Maintenance costs are summarized

on Table 8.

Table 8.  Operation and Maintenance Costs (50 Year Life)

Maintenance Frequency Costs

Dredging 5 years $35,100

Repair of Rock Revetment 10 years $47,200
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13.2 Big Bay Creek Embayment - Operation and Maintenance costs are
summarized on Table 9.

Table 9.  Operation and Maintenance Costs (50 Year Life)

Maintenance Frequency Costs

Repair of Bank Protection 10 Years $125,150

Repair of Rock Revetment 10 years $29,200

14.0 Potential Cost Share Sponsor(s)

♦  State of Illinois
♦  The Nature Conservancy
♦  barge/towing industry
♦  U.S. Fish & Wildlife Service

15.0 Expected Life of the Project

The life expectancy of the project is estimated to be 50 years.

17.0 Hazardous, Toxic, and Radiological Waste Considerations

Potential impacts of hazardous, toxic, and radiological waste (HTRW) at the site were visually
assessed during a site visit and further assessed via a database search of HTRW records in the
project area.

Site Inspection Findings

The project site is on the east side of the Ohio River between River Miles 910 and 910.7.  The
site involves areas where Big Bay Creek (River Mile 910) and Barren Creek (River Mile 910.7)
flow to the river from Illinois.  There are no cities/towns in Illinois or Kentucky within a 1.5 mile
radius of the project area.  Project site owners are of the Federal Government, State of Illinois,
and Pope County, Illinois.

The following environmental conditions were considered when conducting the June 3, 1999
project area inspection:

♦  Suspicious/Unusual Odors;
♦  Discolored Soil;
♦  Distressed Vegetation;
♦  Dirt/Debris Mounds;
♦  Ground Depressions;
♦  Oil Staining;
♦  Above Ground Storage Tanks (ASTs);
♦  Underground Storage Tanks (USTs);
♦  Landfills/Wastepiles;

♦  Impoundments/Lagoons;
♦  Drum/Container Storage;
♦  Electrical Transformers;
♦  Standpipes/Vent pipes;
♦  Surface Water Discharges;
♦  Power or Pipelines;
♦  Mining/Logging;
♦  Other

None of the environmental conditions listed above were observed in the project area.
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Risk Management Data Search

A search of available environmental records was conducted by Environmental Data Resources,
Inc. (EDR).  The search complied with ASTM Standard Practice for Environmental Site
Assessments, E 1527-97.  The search report with maps showing the search area around the
project site is presented in Appendix B.  The search distance was configured to include the area
of the project and an extended buffer zone beyond the boundary of the project.  It was
conservatively assumed that any environmental conditions beyond the project area buffer zone
would not impact the project.  Databases searched and the distance searched from the project
site for each environmental item (e.g., USTs, NPL sites, etc.) are as follows:

Databases Search Radius (Miles)
NPL:  National Priority List 1.50
RCRIS-TSD:  Resource Conservation and Recovery Information System 1.00
SHWS:  State Hazardous Waste Sites 1.50
CERCLIS:  Comprehensive Environmental Response, Compensation,
and Liability Information System

1.00

CORRACTS: Corrective Action Report 1.50
SWF/LF:  Available Disposal for Solid Waste in Illinois- Solid Waste
Landfills Subject to State Surcharge

1.00

LUST:  Leaking Underground Storage Tank 1.00
UST:  Underground Storage Tank 0.75
RCRIS-SQG: Resource Conservation and Recovery Information System
for Small Quantity Generators

0.75

RCRIS-LQG:  Resource Conservation and Recovery Information System
for Large Quantity Generators

0.75

Plan Comm:  Illinois Planning Commission 1.00
ROD:  Record of Decision 1.50
CONSENT:  Superfund (CERCLA) Consent Decrees 1.50
Coal Gas:  Former Manufactured gas (Coal Gas) Sites 1.50
MINES:  Mines Master Index File 0.75

The environmental records search revealed a power transmission line crossing the Ohio River
at about River Mile 910.75; however, none of the conditions listed above were found in or
around the project area at the distances specified.

HTRW Findings and Conclusions

An inspection of the project site and a search of environmental records relevant to the project
site and extended areas beyond have revealed no evidence of recognized environmental
problem conditions in connection with this project site.
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18.0 Photo Log

Upstream bank of the Big Bay Creek Embayment

Downstream bank of the Big Bay Creek Embayment
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Barren Creek Embayment Mouth

Barren Creek Embayment Boat Ramp



Ohio River Ecosystem Restoration Program- Appendix H - Example Ecosystem Restoration Project 19

APPENDIX A Threatened & Endangered Species
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APPENDIX B Hazardous Toxic and Radiological Wastes
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APPENDIX C  Plan Formulation and Incremental Analysis Checklist
Project Site Location:

The Barren Creek and Big Bay Creek Embayment Project area is located in Pope County,
Illinois approximately 11.6 miles northeast of Paducah, Kentucky.  The project site is in Ohio
River Smithland Pool between Ohio River Mile (ORM) 909.4 and 910.9.

Description of Plan selected:
The Barren Creek and Big Bay Creek Embayment project is designed to provide shallow water
and rock spawning habitat for fish and to restore/maintain the openings to the Barren Creek and
Big Bay Creek embayments.  The project will include: 1) The opening for Barren Creek would
require maintenance dredging; 2) Installation of the hard point structures at the mouths of
Barren Creek and Big Bay Creek; and 3) Big Bay Creek would require the
installation/construction of a rock revetment to protect the eroding river bank.

Alternatives of the Selected Plan:

Smaller Size Plans Possible? Yes / No and description

Larger Size Plan Possible? Yes / No and description

Other alternatives? Yes

An island with back channel can be formed at Big Bay Creek through the use of dredging and a
hard point structure.

Restore/Enhance/Protect Terrestrial Habitats? Opportunity numbers met T2

Restore, Enhance, & Protect Wetlands? Opportunity numbers met 

Restore/Enhance/Protect Aquatic Habitats? Yes Opportunity numbers met A1, A6

Type species benefited: Fish and invertebrates including mussels

Endangered species benefited: Potential benefits to mussel species

Can estimated amount of habitat units be determined:

Plan acceptable to Resources Agencies?
U.S. Fish & Wildlife Service?
State Department of Natural Resources? Yes – Illinois DNR

Plan considered complete? Connected to other plans for restoration?

Real Estate owned by State Agency? Federal Agency?
Real Estate privately owned? Yes
If privately owned, what is status of future acquisition? Unknown
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Terrestrial Habitat Opportunities
T1- Restore riparian corridors, reduce fragmentation by expanding and joining isolated habitat blocks and

stabilize eroding banks.

T2 Restore, protect existing islands and create islands where they historically occurred.

T3 Restore hardwood forests in the 100-year floodplain.

Wetland Habitat Opportunities
W1 Forested Wetlands: Restore Forested Wetlands: Bottomland Hardwoods

W2  Forested Wetlands: Restore Forested Wetlands:Cypress/Tupelo Swamps and other unique forested
wetlands

W3 Restore Scrub/Shrub Emergent Wetlands: including those areas isolated from the river except during high
water and those contiguous with embayments and island sloughs.

Aquatic Habitat Opportunities
A1 Restore backwaters (Including sloughs, embayments, oxbows, bayous, etc.).

A2 Restore riverine submerged and emergent aquatic vegetation

A3 Restore and protect sand and gravel bars.

A4 Protect tailwaters and provide structures to provide refuge for fish.

A5 Create and protect fish and mussel refuges in pools (deep water, slow velocity, soft substrate)

A6 Restore and protect aquatic habitat (Side Channel/Back Channel Habitat)

Other
O-1 Restore other habitats(e.g., canebrakes, river bluffs mussel beds, etc.)
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APPENDIX D Micro Computer-Aided Cost Engineering System (MCACES)
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Barren Creek and Big Bay Cre  QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

 Lands and Damages                                                    0           0           0      39,000      39,000

                Habitat & Feeding Facilities

                    Barren Creek Embayment

                        Mobilization
 Dredge                         2.00 LS                0.53       5,800       8,700           0           0      14,500 7250.00
 Bull Dozer                     2.00 LS                6.00          59         304           0           0         363  181.50
 Vibrating Roller               2.00 LS                6.00          59         304           0           0         363  181.50
 Contingencies                  1.00 LS                6.00           0           0           0       5,994       5,994 5994.00
                                                            ----------- ----------- ----------- ----------- -----------
 Mobilization                                                     5,918       9,308           0       5,994      21,220

                        Dredging
 AUGERHD MUDCAT, 8" DISCHARG   63.33 HR  M10EL007     90.00           0       2,979           0           0       2,979   47.04
 E DIA
 Outside Laborer              126.67 HR  X-LABORER     0.00       2,889           0           0           0       2,889   22.81
 Outside Equip. Op. Medium     63.33 HR  X-EQOPRMED    0.00       1,283           0           0           0       1,283   20.25
                                                            ----------- ----------- ----------- ----------- -----------
 Dredging                    3800.00 CY                           4,172       2,979           0           0       7,151    1.88

                        Geotube Levee
 Bulk Site Exc & Shaping, Sm  800.00 CY  CODTA        46.88       2,853         307           0           0       3,161    3.95
  Area
 Small Dozer
 Geotubes                       6.00 EA                0.00           0           0         156       1,200       1,356  226.00
 Material cost is for
 45'Circumference Geotubes at
 200' long.

 Other cost is for unloading and
 position into place and other
 misc costs associated with tube
 handling.
                                                            ----------- ----------- ----------- ----------- -----------



 Geotube Levee                  6.00 EA                           2,853         307         156       1,200       4,517  752.77

                        EXCAVATION
 HYD EXCAV, CRWLR, 2.50 CY B    6.43 HR  H25BA004      1.00           0         457           0           0         457   71.16
 KT
 Outside Equip. Op. Medium      6.43 HR  X-EQOPRMED    1.00         130           0           0           0         130   20.25
 WORK FLOAT, MED DUTY, 30'X1    6.43 HR  M10MZ003      1.00           0          11           0           0          11    1.71
 0'X3'
 Outside Laborer                6.43 HR  X-LABORER     1.00         147           0           0           0         147   22.81
 TUG BOAT, 150 TO 40O HP        6.43 HR  XX0XX004      1.00           0         165           0           0         165   25.66

LABOR ID: FTCAMP    EQUIP ID: NAT97A                  Currency in DOLLARS                   CREW ID: NAT99A   UPB ID: UP99EA
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Barren Creek and Big Bay Cre  QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

 Outside Equip. Op. Medium      6.43 HR  X-EQOPRMED    1.00         130           0           0           0         130   20.25
 TUG BOAT, 500 TO 80O HP        6.43 HR  XX0XX002      1.00           0         409           0           0         409   63.68
 Outside Equip. Op. Medium      6.43 HR  X-EQOPRMED    1.00         130           0           0           0         130   20.25
 WORK BARGE-S,MED DUTY,60'X1   51.43 HR  M10MZ009      1.00           0         274           0           0         274    5.32
 6'X5'
 Outside Laborer                6.43 HR  X-LABORER     1.00         150           0           0           0         150   23.31
 Outside Laborer                6.43 HR  X-LABORER     1.00         147           0           0           0         147   22.81
                                                            ----------- ----------- ----------- ----------- -----------
 EXCAVATION                   900.00 CY                             834       1,317           0           0       2,150    2.39

                        ROCK
 HYD EXCAV, CRWLR, 2.50 CY B   15.49 HR  H25BA004      1.00           0       1,102           0           0       1,102   71.16
 KT
 Outside Equip. Op. Medium     15.49 HR  X-EQOPRMED    1.00         314           0           0           0         314   20.25
 WORK FLOAT, MED DUTY, 30'X1   15.49 HR  M10MZ003      1.00           0          27           0           0          27    1.71
 0'X3'
 Outside Laborer               15.49 HR  X-LABORER     1.00         353           0           0           0         353   22.81
 TUG BOAT, 150 TO 40O HP       15.49 HR  XX0XX004      1.00           0         397           0           0         397   25.66
 Outside Equip. Op. Medium     15.49 HR  X-EQOPRMED    1.00         314           0           0           0         314   20.25
 TUG BOAT, 500 TO 80O HP       15.49 HR  XX0XX002      1.00           0         986           0           0         986   63.68
 Outside Equip. Op. Medium     15.49 HR  X-EQOPRMED    1.00         314           0           0           0         314   20.25
 WORK BARGE-S,MED DUTY,60'X1  123.89 HR  M10MZ009      1.00           0         660           0           0         660    5.32
 6'X5'
 Outside Laborer               15.49 HR  X-LABORER     1.00         361           0           0           0         361   23.31
 Outside Laborer               15.49 HR  X-LABORER     1.00         353           0           0           0         353   22.81
 Rip Rap, 10# to 200# Pieces 2168.00 CY  COETF        32.00      24,676       3,520      52,856           0      81,052   37.39
 Random, Dumped from Truck onto
 barge to be shipped to site.
                                                            ----------- ----------- ----------- ----------- -----------
 ROCK                        2168.00 CY                          26,684       6,691      52,856           0      86,231   39.77

                        Geofabric
 Erosion Control,18 Mil Viny  900.00 SY  ULABK        57.50       1,079          55       4,431           0       5,565    6.18
 l Mat
 3 Dimensional, Nylon Geomatrix
 Erosion Control, Slope Stak 1575.00 EA  N/A           0.00           0           0         488           0         488    0.31
 es
 Required 3' to 5' Intervals



                                                            ----------- ----------- ----------- ----------- -----------
 Geofabric                    900.00 SY                           1,079          55       4,919           0       6,053    6.73

                        Mussel Survey
 Mussel Survey                  1.00 LS                0.00           0           0           0       5,000       5,000 5000.00
                                                            ----------- ----------- ----------- ----------- -----------
 Mussel Survey                                                        0           0           0       5,000       5,000
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Barren Creek and Big Bay Cre  QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

                                                            ----------- ----------- ----------- ----------- -----------
 Barren Creek Embayment                                          41,540      20,657      57,931      12,194     132,323

                    Big Bay Creek Embayment

                        EXCAVATION
 HYD EXCAV, CRWLR, 2.50 CY B   15.71 HR  H25BA004      1.00           0       1,118           0           0       1,118   71.16
 KT
 Outside Equip. Op. Medium     15.71 HR  X-EQOPRMED    1.00         318           0           0           0         318   20.25
 WORK FLOAT, MED DUTY, 30'X1   15.71 HR  M10MZ003      1.00           0          27           0           0          27    1.71
 0'X3'
 Outside Laborer               15.71 HR  X-LABORER     1.00         358           0           0           0         358   22.81
 TUG BOAT, 150 TO 40O HP       15.71 HR  XX0XX004      1.00           0         403           0           0         403   25.66
 Outside Equip. Op. Medium     15.71 HR  X-EQOPRMED    1.00         318           0           0           0         318   20.25
 TUG BOAT, 500 TO 80O HP       15.71 HR  XX0XX002      1.00           0       1,001           0           0       1,001   63.68
 Outside Equip. Op. Medium     15.71 HR  X-EQOPRMED    1.00         318           0           0           0         318   20.25
 WORK BARGE-S,MED DUTY,60'X1  125.71 HR  M10MZ009      1.00           0         669           0           0         669    5.32
 6'X5'
 Outside Laborer               15.71 HR  X-LABORER     1.00         366           0           0           0         366   23.31
 Outside Laborer               15.71 HR  X-LABORER     1.00         358           0           0           0         358   22.81
                                                            ----------- ----------- ----------- ----------- -----------
 EXCAVATION                  2200.00 CY                           2,038       3,218           0           0       5,256    2.39

                        ROCK
 HYD EXCAV, CRWLR, 2.50 CY B   43.45 HR  H25BA004      1.00           0       3,092           0           0       3,092   71.16
 KT
 Outside Equip. Op. Medium     43.45 HR  X-EQOPRMED    1.00         880           0           0           0         880   20.25
 WORK FLOAT, MED DUTY, 30'X1   43.45 HR  M10MZ003      1.00           0          74           0           0          74    1.71
 0'X3'
 Outside Laborer               43.45 HR  X-LABORER     1.00         991           0           0           0         991   22.81
 TUG BOAT, 150 TO 40O HP       43.45 HR  XX0XX004      1.00           0       1,115           0           0       1,115   25.66
 Outside Equip. Op. Medium     43.45 HR  X-EQOPRMED    1.00         880           0           0           0         880   20.25
 TUG BOAT, 500 TO 80O HP       43.45 HR  XX0XX002      1.00           0       2,767           0           0       2,767   63.68
 Outside Equip. Op. Medium     43.45 HR  X-EQOPRMED    1.00         880           0           0           0         880   20.25
 WORK BARGE-S,MED DUTY,60'X1  347.60 HR  M10MZ009      1.00           0       1,851           0           0       1,851    5.32
 6'X5'
 Outside Laborer               43.45 HR  X-LABORER     1.00       1,013           0           0           0       1,013   23.31
 Outside Laborer               43.45 HR  X-LABORER     1.00         991           0           0           0         991   22.81
 Rip Rap, 10# to 200# Pieces 6083.00 CY  COETF        32.00      69,237       9,875     148,304           0     227,415   37.39



 Random, Dumped from Truck onto
 barge to be shipped to site.
                                                            ----------- ----------- ----------- ----------- -----------
 ROCK                        6083.00 CY                          74,871      18,774     148,304           0     241,949   39.77
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Barren Creek and Big Bay Cre  QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

                        Geofabric
 Erosion Control,18 Mil Viny 9150.00 SY  ULABK        57.50      10,968         556      45,050           0      56,574    6.18
 l Mat
 3 Dimensional, Nylon Geomatrix
 Erosion Control, Slope Stak   16013 EA  N/A           0.00           0           0       4,964           0       4,964    0.31
 es
 Required 3' to 5' Intervals
                                                            ----------- ----------- ----------- ----------- -----------
 Geofabric                   9150.00 SY                          10,968         556      50,014           0      61,538    6.73

                        Mobilization
 mobilization                   1.00 LS                0.00           0           0           0      61,740      61,740   61740
                                                            ----------- ----------- ----------- ----------- -----------
 Mobilization                                                         0           0           0      61,740      61,740

                        Mussel Survey
 Mussel Survey                  1.00 LS                0.00           0           0           0       5,000       5,000 5000.00
                                                            ----------- ----------- ----------- ----------- -----------
 Mussel Survey                                                        0           0           0       5,000       5,000

                                                            ----------- ----------- ----------- ----------- -----------
 Big Bay Creek Embayment                                         87,877      22,549     198,317      66,740     375,484
                                                            ----------- ----------- ----------- ----------- -----------
 Habitat & Feeding Facilitie                                    129,417      43,206     256,249      78,934     507,806
 Planning, Engineering & Des                                          0           0           0      90,800      90,800

 Engineering During Constuct                                          0           0           0       8,300       8,300

 Construction Management                                              0           0           0      50,700      50,700

                                                            ----------- ----------- ----------- ----------- -----------
 Barren Creek and Big Bay Cr                                    129,417      43,206     256,249     267,734     696,606
                                                            ----------- ----------- ----------- ----------- -----------
 Illinois                                                       129,417      43,206     256,249     267,734     696,606
                                                            ----------- ----------- ----------- ----------- -----------
 Barren & Big Bay Embayment                                     129,417      43,206     256,249     267,734     696,606
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                                                                         QUANTY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT
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                   01  Illinois

                   01-01  Barren Creek and Big Bay Creek

                   01-01{ 0100  Lands and Damages                                        39,000       6,000      45,000
                   01-01{ 0603  Fish & Wildlife Facilities and                          633,848     158,462     792,310
                   01-01{ 3000  Planning, Engineering & Design                           99,100      19,820     118,920
                   01-01{ 3100  Construction Management                                  50,700      10,140      60,840
                                                                                    ----------- ----------- -----------
                          TOTAL Barren Creek and Big Bay Creek                          822,648     194,422   1,017,070
                                                                                    ----------- ----------- -----------
                          TOTAL Illinois                                                822,648     194,422   1,017,070
                                                                                    ----------- ----------- -----------
                          TOTAL Barren & Big Bay Embayment                              822,648     194,422   1,017,070
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                                                                         QUANTY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

                   01  Illinois

                   01-01  Barren Creek and Big Bay Creek

                   01-01{ 0100  Lands and Damages

                   01-01{ 010001  Lands and Damages                                      39,000       6,000      45,000
                                                                                    ----------- ----------- -----------
                                 TOTAL Lands and Damages                                 39,000       6,000      45,000

                   01-01{ 0603  Fish & Wildlife Facilities and

                   01-01{ 060373  Habitat & Feeding Facilities

                   01-01{ 060373}1  Barren Creek Embayment

                   01-01{ 060373}1. 1  Mobilization                                      26,487       6,622      33,109
                   01-01{ 060373}1. 2  Dredging                         3800.00 CY        8,926       2,232      11,158    2.94
                   01-01{ 060373}1. 3  Geotube Levee                       6.00 EA        5,638       1,409       7,047 1174.52
                   01-01{ 060373}1. 4  EXCAVATION                        900.00 CY        2,684         671       3,355    3.73
                   01-01{ 060373}1. 5  ROCK                             2168.00 CY      107,635      26,909     134,543   62.06
                   01-01{ 060373}1. 6  Geofabric                         900.00 SY        7,555       1,889       9,444   10.49
                   01-01{ 060373}1. 7  Mussel Survey                                      6,241       1,560       7,801
                                                                                    ----------- ----------- -----------
                                 TOTAL Barren Creek Embayment                           165,166      41,292     206,458

                   01-01{ 060373}2  Big Bay Creek Embayment

                   01-01{ 060373}2. 1  EXCAVATION                       2200.00 CY        6,561       1,640       8,201    3.73
                   01-01{ 060373}2. 2  ROCK                             6083.00 CY      302,003      75,501     377,504   62.06
                   01-01{ 060373}2. 3  Geofabric                        9150.00 SY       76,813      19,203      96,016   10.49
                   01-01{ 060373}2. 4  Mobilization                                      77,064      19,266      96,330
                   01-01{ 060373}2. 5  Mussel Survey                                      6,241       1,560       7,801
                                                                                    ----------- ----------- -----------
                                 TOTAL Big Bay Creek Embayment                          468,682     117,171     585,853
                                                                                    ----------- ----------- -----------
                                 TOTAL Habitat & Feeding Facilities                     633,848     158,462     792,310



                                                                                    ----------- ----------- -----------
                                 TOTAL Fish & Wildlife Facilities and                   633,848     158,462     792,310

                   01-01{ 3000  Planning, Engineering & Design

                   01-01{ 300001  Planning, Engineering & Design                         90,800      18,160     108,960
                   01-01{ 300002  Engineering During Constuction                          8,300       1,660       9,960
                                                                                    ----------- ----------- -----------
                                 TOTAL Planning, Engineering & Design                    99,100      19,820     118,920
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                   01-01{ 3100  Construction Management

                   01-01{ 310001  Construction Management                                50,700      10,140      60,840
                                                                                    ----------- ----------- -----------
                                 TOTAL Construction Management                           50,700      10,140      60,840
                                                                                    ----------- ----------- -----------
                                 TOTAL Barren Creek and Big Bay Creek                   822,648     194,422   1,017,070
                                                                                    ----------- ----------- -----------
                                 TOTAL Illinois                                         822,648     194,422   1,017,070
                                                                                    ----------- ----------- -----------
                                 TOTAL Barren & Big Bay Embayment                       822,648     194,422   1,017,070
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No errors detected...

                                              * * *   END OF ERROR REPORT   * * *
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1.0 INTRODUCTION, PURPOSE AND NEED

This work presents an incremental analysis of the costs and benefits of the Ohio River ecosystem
restoration project IL10 – Barren Creek and Big Bay Creek Embayments, a feasibility level study
associated with a proposed ecosystem restoration program for the Ohio River.  This study serves as
an example incremental analysis for various ecosystem components considered as part of the
program.  The Corps has been involved in a large ecosystem restoration study of the Ohio River
extending from Cairo, Illinois, to Pittsburgh, Pennsylvania.  The Louisville, Huntington, and
Pittsburgh districts are currently working with other Federal agencies and six states to develop an
array of ecosystem restoration projects.

The proposed Barren Creek and Big Bay Creek Embayments project is located in Pope County,
Illinois, approximately 11.6 miles northeast of Paducah, Kentucky.  The project site is in the Ohio
River Smithland Pool between Ohio River Mile (ORM) 909.4 and 910.9 and is within the jurisdiction
of the Louisville District, U.S. Army Corps of Engineers (USACE).

The Barren Creek and Big Bay Creek mouths have become clogged with sediments due to several
factors.  These factors include:  raised water levels from the impoundments of the Smithland Pool,
which reduced the headwater currents from Barren and Big Bay creeks near their mouths; deposition
of silt from the main Ohio River Channel, especially during flood events; wave action from barge
traffic; and headwater sediments from Barren Creek and Big Bay Creek.  Barge traffic coupled with
the scouring affects of the water velocities on the outside bend of the Ohio River has created the
erosion problem north of the mouth of Big Bay Creek.

The primary goals of the Barren Creek and Big Bay Creek Embayment project are to provide shallow
water and rock spawning habitat for fishes and to restore and maintain the openings to the Barren
Creek and Big Bay Creek embayments.

The proposed location of the Barren Creek and Big Bay Creek embayment improvements would
occur along the Illinois bank of the Ohio River between ORM 909.5 and 910.  A narrow littoral zone
extends from the bank to approximately 5 to 20 yards from the bank before dropping rapidly into the
main Ohio River channel.  The banks are characterized by mud/silt, and the bottom substrates are
composed primarily of silt and fine sand.  The Illinois bank of the Ohio River between the mouths of
Big Bay Creek and Barren Creek is dominated by a narrow band of riparian trees.  The dominant
species present in the stand include box elder (Acer negundo), black willow (Salix nigra),
cottonwood (Populus deltoides), and silver maple (Acer saccharinum).  The floodplain area behind
the narrow riparian stand is agricultural.  There is a stand of tree stumps in the littoral zone as the
result of the increased water levels associated with the completion of the Smithland Dam in the early
1980s.  The increased water levels in the Smithland pool transformed the affected portions of Barren
and Big Bay creeks in the project area from free flowing streams to small slackwater embayments.
The increased water level killed the trees in the affected portion of the riparian zone, and the tree
stumps are all that remain.

Three proposed alternatives, presented below, were designed to meet the principal goals of the
project.
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2.0 PROPOSED ALTERNATIVES

2.1 No-Action

With the implementation of the No-Action Alternative, the openings of Barren Creek and Big Bay
Creek would continue to receive sediment from flood waters on each of the respective creeks and the
Ohio River.  Each of the creeks would continue to become less accessible to boating traffic and
fisheries during low water flow periods.  Valuable aquatic habitat would continue to be available;
however, it would only be accessible during flood events.

2.2 Alternative 1.  Barren Creek Embayment

The mouth of Barren Creek has become clogged with sediments.  To alleviate the problem, this
alternative calls for the construction of rock revetments near the mouth of the creek adjacent to the
Illinois bank of the Ohio River.  The opening for Barren Creek would require maintenance dredging
prior to the construction of the rock revetment.  Installation of the rock revetments would: (1) reduce
the need for future embayment dredging by reducing sedimentation within the embayment mouths;
and (2) improve habitat diversity for aquatic species such as fish and benthic invertebrates, including
the federally-listed endangered fat pocketbook pearly mussel.

Maintenance dredging of the mouth of the embayment is required to reestablish a suitable depth for
boater access and to provide a suitable sub-grade for the rock revetment at the mouth.  Dredging of
the mouth of Barren Creek would result in long-term beneficial impacts to fishes due to the
improved/deepened access to the Barren Creek Embayment.  Fishes would be allowed free access to
the embayment, especially during low flow periods.  Because habitat requirements may change
seasonally, improved access to the embayment coupled with the long-term scouring of the mouth of
the embayment from the placement of the rock revetment would be considered beneficial.  An
estimated 3,800 cubic yards of silty-clay material would be dredged to restore depths of 9 to 12 feet
at the embayment mouth.  A small swinging ladder, cutterhead dredge will be used for all dredging.
A dredged material disposal site has been identified adjacent to the embayment.  A small geotube
levee 350 feet in length would be constructed at the designated disposal site for dewatering.

A rock revetment, designed to slow the rate of sedimentation in the mouth of the embayment, will be
placed at the mouth of Barren Creek.  This large rock structure would provide an area of increased
velocities, which would create a scour hole at the embayment mouth.  The structure of the rip-rap
dike coupled with localized changes in flow patterns and the scouring effects downstream from the
rock revetments would lead to improved habitat diversity for aquatic species.  The top width of the
structure will be 5 feet with 1.5 to 1 side slopes and would extend downstream at a 60-degree angle
from the channel bank for 115 feet.  The structure would then turn and parallel the bank for 220 feet.
The dike will be toed into the sub-grade a minimum of two feet and stand above the channel bottom
six feet.  The top of the structure will be a minimum of three feet below the normal pool elevation of
324.0.  A depth of three feet was chosen to accommodate the majority of recreational boat traffic.  If
deemed necessary, marker buoys would be put in place to mark the channel.  The size of the rock
used will be uniformly graded limestone, with each rock weighing between 50 and 100 pounds.  The
use of 50 to 150 pound rock is included in the project design for costing purposes and is anticipated
to be appropriate for the required construction.  The size of rock should be determined during the
preconstruction, engineering, and design (PED) phase of the project.  All rip-rap material would be
shipped by barge to the project site.  All costs for shipping are included in the materials costs.
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Numerical or physical modeling should be used to evaluate the performance of the proposed
structures to maintain the openings and evaluate any potential effects to navigation during the
preconstruction, engineering, and design (PED) phase of the project.

Due to the increased velocities created by the embayment revetment, the channel bank would need to
be protected.  This would include cleaning the slope of all trees and brush, excavating the river bank
to provide a 2 to 1 slope, covering the slope with a filter fabric, and extending rip-rap up the banks of
the channel to a height of 12 feet vertically from the channel bottom.  Protecting/armoring the bank
near the rock revetments associated with the mouth of Barren Creek would insure that the
terrestrial/riparian habitats are not eroded by the Ohio River currents.  Bank stabilization at this
location would be considered a long-term beneficial impact to terrestrial/riparian habitats.

2.3 Alternative 2.  Big Bay Creek Embayment

To reduce sediments from depositing in the mouth of Big Bay Creek, this alternative calls for the
construction of a rock revetment near the mouth of the creek adjacent to the Illinois bank of the Ohio
River.  The rock revetment could also protect the eroding riverbank and provide rock habitat within
the project area.

A rock revetment, designed to slow the rate of sedimentation at the mouth of the embayment, will be
placed at the mouth of Big Bay Creek.  This large rock structure would provide an area of increased
velocities, which would create a scour hole at the embayment mouth.  The structure of the rip-rap
dike coupled with localized changes in flow patterns and the scouring effects downstream from the
rock revetments would lead to improved habitat diversity for aquatic species.  The top width of the
structure will be five feet with 1.5 to 1 side slopes and would extend downstream at a 60 degree
angle form the channel bank for 115 feet.  The structure would then turn and parallel the bank for
335 feet.  The dike will be toed into the sub-grade a minimum of two feet and stand above the
channel bottom six feet.  The top of the structure will be a minimum of three feet below the normal
pool elevation of 324.0.  A depth of three feet was chosen to accommodate the majority of
recreational boat traffic.  If deemed necessary, marker buoys would be put in place to mark the
channel.  The size of the rock used will be uniformly graded limestone, with each rock weighing
between 50 and 100 pounds.  All rip-rap material would be shipped by barge to the project site.  All
costs for shipping are included in the material costs.

Numerical or physical modeling should be used to evaluate the performance of the proposed
structures to maintain the openings and evaluate any potential effects to navigation during the
preconstruction, engineering, and design (PED) phase of the project.

Due to the increased velocities created by the embayment revetment, the channel bank would need to
be protected. This would include cleaning the slope of all trees and brush, excavating the river bank
to provide a 2 to 1 slope, covering the slope with a filter fabric, and extending rip-rap up the banks of
the channel to a height of 12 feet vertically from the channel bottom.  Protecting/armoring the bank
upstream from Big Bay Creek and near the rock revetments associated with the mouth of Big Bay
Creek would insure that the terrestrial/riparian habitats are not eroded by the Ohio River currents.
Bank stabilization at these locations would be considered a long-term beneficial impact to
terrestrial/riparian habitats.
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2.4 Alternative 3.  Dredge Channel Through Big Bay Creek Peninsula

Before entering into the Ohio River, Big Bay Creek parallels the river for approximately 0.5 mile
between ORM 909.5 and 910.  A narrow peninsula of farmland separates Big Bay Creek and the
Ohio River.  The bank of the Ohio River immediately upstream from the opening of Big Bay Creek
is currently being actively eroded.  The bank has little woody vegetation, and the adjacent floodplain
area is being farmed up to the riverbank.  Small black willow saplings and a few scattered trees are
present along the eroding bank; however, the riverbank is dominated by herbaceous vegetation.  This
bank is on the outside bend of the Ohio River, and there is no natural vegetation to control the
erosive forces of the river’s currents, especially during high flow periods.

This alternative calls for a channel to be cut between the main channel of the Ohio River and Big Bay
Creek near ORM 909.5.  The channel would be dredged 10 feet deep and 80 feet wide at the water
surface through approximately 730 feet of the peninsula.  This would require the excavation of
approximately 91,000 cubic yards of material.  Constructing the channel would change the narrow
peninsula of farmland into an island.  Excavated material would be disposed on the resulting island.
Since this area is on the outside bend of the Ohio River, some water flow could be diverted around
the island creating a back-channel off the main Ohio River channel.  Placement of a hardpoint
diversion structure upstream from the proposed island would enhance the amount of flow into the
channel around the newly created island.  The diversion structure would be constructed of rip-rap,
and extend 100 feet into the river.  The revetment will be toed into the subgrade a minimum of two
feet and stand above the channel bottom approximately seven feet.  The top of the structure will be a
minimum of three feet below the normal pool elevation in order to accommodate the majority of
recreational boat traffic.  Armoring the upstream and main channel banks would stabilize the island,
and the remainder of the island could be replanted with preferred bottomland hardwoods.

The primary benefits associated with this alternative would include more diversified aquatic habitat,
improved terrestrial habitat due to reforestation, and increased recreational opportunities, especially
fishing and hunting.  The primary adverse issues to be considered with this alternative would be the
requisite land acquisition or easement purchase of the peninsula, which is currently being partially
farmed, and the short-term adverse affects during construction of the dredged channel.

3.0 COST ANALYSIS

3.1 Introduction

This section presents the findings of a cost effectiveness and incremental cost analysis of no-action,
the three alternatives, and various combinations of the alternatives under consideration.  These cost
analyses are not intended to determine the best alternative or combination of alternatives, but rather
to provide decision-makers with a comparison of alternatives that produce different levels of
environmental outputs and to assist in selecting the alternative that best satisfies project objectives.
The analyses are intended to improve the quality of decision-making when considering alternative
plans.

The cost effectiveness and incremental cost analysis was conducted in accordance with guidelines
contained in EC 1105-2-206, entitled Project Modification for Improvement of the Environment,
which is the same guidance as EC 1105-2-210, dated June 1, 1995, entitled Ecosystem Restoration in
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the Civil Works Program; EC 1105-2-214, dated October 3, 1998, entitled Project Modifications for
Improvement and Aquatic Ecosystem Restoration; and Institute for Water Resources report
Evaluation of Environmental Investments Procedures Manual Interim: Cost Effectiveness and
Incremental Cost Analyses, dated May 1995 (IWR Report 95-R-1).

The Institute for Water Resources (IWR) has developed IWR-PLAN Decision Support Software to
assist with the formulation and comparison of alternative plans of environmental restoration projects.
IWR-PLAN assists in plan formulation by combining solutions to planning problems and calculating
the additive effects of each alternative or combination of alternatives. When developing a
combination of alternatives, IWR-PLAN includes each alternative in the combination, assigning
either an action or no-action status to each.  For instance, when evaluating a project with three
alternatives, IWR-PLAN calculates total environmental output for implementing Alternative 1 as the
output associated with implementing Alternative 1 plus the output (if any) associated with no-action
under alternatives 2 and 3.

IWR-PLAN assists in plan formulation and comparison of alternatives by conducting cost
effectiveness and incremental cost analyses.  IWR-PLAN was used in conducting the cost
effectiveness and incremental cost analyses for the Barren Creek and Big Bay Creek Embayments
Project.

As the name indicates, cost effectiveness analysis is a method for comparing alternative plans that
produce environmental outputs and determining which plan can produce the largest quantity of
output for a given cost, or produce the same or greater quantity of output for less cost.  Cost
effectiveness analysis determines if:  (1) the same environmental output level could be produced by
another plan at less cost; (2) a larger environmental output level could be produced at the same cost;
or (3) a larger environmental output level could be produced at less cost.  For instance, if two
alternatives produce the same amount of environmental outputs, the alternative with the lowest cost
is considered cost effective.  Likewise, if the costs of two alternatives are equal, but one produces
more outputs than the other, the one producing the higher level of outputs would be the cost effective
alternative.  Also, an alternative that costs less and produces higher levels of output is considered to
be cost effective compared to higher cost alternatives producing lower levels of output.

Incremental cost analysis builds on the findings of the cost effectiveness analysis.  This is
accomplished by comparing the increase in costs to the increase in outputs that are associated with
advancing from one output level (one cost effective alternative) to the next higher output level
(another cost effective alternative).

3.2 Cost Estimates of Alternatives

To conduct cost effectiveness and incremental cost analyses, the total cost of implementing each
alternative must be estimated and stated on an average annual basis.  Preliminary cost estimates for
alternatives presented in the feasibility report were obtained from the Microcomputer Aided Cost
Estimating System (MCACES) cost estimates developed as part of the feasibility report and
additional cost elements (real estate, plans and specifications, and supervision and administration
during construction).  Cost estimates for alternatives developed as part of this analysis were based on
MCACES per-unit costs presented in the feasibility report and calculated quantities.
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3.2.1 Alternative 1. Barren Creek Embayment.  The total estimated cost associated with
implementing Alternative 1 is $180,991 (Table 3-1).  Activities included in these costs are equipment
mobilization, dredging 3,800 cubic yards of material, geotube levee construction, excavation,
placement of rock revetments, placement of geofabric, and a mussel survey.  Also included in the
costs are contingencies, real estate costs, plans and specifications, supervision and administration
during construction, and interest during construction. Interest during construction is based on the
federal discount rate of 6.625 percent and a construction schedule of 26 days.

Table 3-1.  Barren Creek and Big Bay Creek Embayments Project,
Alternative 1, Barren Creek Embayment, Cost Estimate

Sources:  Ohio River Mainstream Ecosystem Restoration Project –
   Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

3.2.2 Alternative 2.  Big Bay Creek Embayment.  The total estimated cost of Alternative 2 is
$459,063 (Table 3-2).  Activities included in these costs are equipment mobilization, riverbed
evacuation, placement of rock revetments, placement of geofabric, and a mussel survey.  Also
included in the costs are contingencies, real estate costs, plans and specifications, supervision and
administration during construction, and interest during construction.  Interest during construction is
based on the federal discount rate of 6.625 percent and a construction schedule of 44 days.

Item Costs
Dredging  and Revetment Costs
  Mobilization $21,220
  Dredging $7,151
  Geotube Levee $4,517
  Excavation $2,150
  Rock $86,231
  Geofabric $6,053
  Mussel Survey $5,000
  Contingencies $9,263
  Real Estate Costs $25,950
  Plans and Specifications $6,515
  S & A During Construction $6,515
Cost Subtotal $180,565
  Interest During Construction $426
Gross Investment $180,991
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Table 3-2. Barren Creek and Big Bay Creek Embayments Project,
Alternative 2, Big Bay Creek Embayment, Cost Estimate

Sources: Ohio River Mainstream Ecosystem Restoration Project –
  Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

3.2.3 Alternative 3.  Dredge Channel Through Big Bay Creek Peninsula. The total estimated
cost of implementing Alternative 3 is  $530,244 (Table 3-3).  Activities included in these costs are
project management, equipment mobilization, excavating the channel, excavation for the rock
revetment, placement of rock revetments, placement of geofabric, bank stabilization, reforestation of
23.5 acres, and a mussel survey.  Other included costs are contingencies, real estate costs, plans and
specifications, supervision and administration during construction, and interest during construction.
Interest during construction is based on the federal discount rate of 6.625 percent and a construction
schedule of 268 days.

3.3 Average Annual Cost

Table 3-4 presents a summary of the cost estimates for the three alternatives.  The average annual
cost of implementing each alternative, assuming a 50-year project life and a federal discount rate of
6.625 percent, is also presented.  The average annual cost is the annual amount required to amortize
the present value of project costs over the life of the project.  It is equivalent to the annual payment
needed to finance the project over 50 years at 6.625 percent interest.

The average annual cost of Alternative 1, Barren Creek Embayment, is $22,123.   This includes an
average annual cost of gross investment of $12,496 and average annual operation and maintenance
costs of  $9,627.  The operation and maintenance costs are based on costs of $35,100 expected to be
incurred every five years during the life of the project for maintenance dredging and $47,200
expected to be incurred every ten years during the life of the project for repair of rock revetments.
These costs are discounted to their net present value, then amortized over the life of the project.

Item Costs
Embayment Costs
  Mobilization $61,740
  Excavation $5,256
  Rock $241,949
  Geofabric $61,538
  Mussel Survey $5,000
  Contingencies $26,284
  Real Estate Costs $18,500
  Plans and Specifications $18,485
  S & A During Construction $18,485
Cost Subtotal $457,237
  Interest During Construction $1,826
Gross Investment $459,063
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Table 3-3. Barren Creek and Big Bay Creek Embayments Project,
Alternative 3, Dredge Channel Through Big Bay Creek Peninsula, Cost Estimate

Sources. Ohio River Mainstream Ecosystem Restoration Project –
   Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

Table 3-4. Barren Creek and Big Bay Creek Embayments Project,
Summary of Construction and O & M Costs for Each Alternative

Sources: Ohio River Mainstream Ecosystem Restoration Project - Feasibility Report;
Louisville District, USACE; and G.E.C., Inc.

The average annual cost of Alternative 2, Big Bay Creek Embayment, is $43,066.   This includes an
average annual cost of gross investment of $31,695 and average annual operation and maintenance
costs of $11,371.  The operation and maintenance costs are based on costs of $125,150 expected to
be incurred for repair of bank protection and $29,200 for repair of rock revetments, for a total of
$154,350 every 10 years during the life of the project.  These costs are discounted to their net present
value, then amortized over the life of the project.

Item Costs
Dredging & Revetment Costs
  Project Management $25,000
  Mobilization $61,740
  Channel Excavation $217,490
  Revetement Excavation $406
  Rock Placement $22,748
  Geofabric $9,806
  Stabilize Channel $4,096
  Reforestation $5,658
  Mussel Survey $5,000
  Contingencies $24,636
  Real Estate Costs $70,685
  Plans and Specifications $35,194
  S & A During Construction $35,194
Cost Subtotal $517,654
  Interest During Construction $12,590
Gross Investment $530,244

Item Alternative 1 Alternative 2 Alternative 3

Gross Investment $180,991 $459,063 $530,244

Annualized Gross Investment Cost $12,496 $31,695 $36,610

Annualized O&M Costs $9,627 $11,371 $2,310

Total Annualized Costs $22,123 $43,066 $38,920
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The average annual cost of Alternative 3, Dredge Channel Through Big Bay Creek Peninsula, is
$38,920.  This includes an average annual cost of gross investment of $36,610 and average annual
operation and maintenance costs of $2,310.  The operation and maintenance costs are based on costs
of $11,440 expected to be incurred for repair of the rock revetment and $19,917 expected to be
incurred for repair of bank protection, for a total of $31,357 every 10 years during the life of the
project.  These costs are discounted to their net present value then amortized over the life of the
project

3.4 Environmental Benefits

Environmental impacts associated with no-action and each alternative were measured in habitat
acres.  Because of resource and time constraints, field surveys could not be conducted to define the
impact of each alternative.  Therefore, environmental impacts were estimated using information
provided in the feasibility report.  Extensive field surveys would be required to more accurately
quantify the environmental impacts of each alternative.

3.4.1. Alternative 1. Barren Creek Embayment. Over time, the mouth of Barren Creek has
become clogged with sediments from the main Ohio River Channel, wave action from barge traffic,
and sediments carried down the creek and deposited at the mouth of the creek.  The proposed
alternative would dredge the mouth of Barren Creek to restore depths of 9 to 12 feet.  This increased
depth would allow fishes to more freely access Barren Creek even during low flow periods.  The
dredge material will be placed on an adjacent site and dewatered.  Further efforts to reduce sediment
deposition and maintain the desired depth at the mouth of Barren Creek include the construction of a
rock revetment and bank protection at the embayment mouth.  The revetment would provide
approximately 0.18 acre of submerged hard substrate at the mouth of the embayment to be utilized by
a number of fishes and benthic invertebrates as velocity shelters, foraging habitat, and cover.
Estimates of habitat acres created by the rock revetments are based on the total amount of surface
area of the revetments.  The increased velocity at the mouth of the creek will aid in maintaining the
desired depth at the mouth.   In addition, the increased velocity would increase the erosion of the
banks at the mouth; therefore, the banks would be protected with rip-rap.  This rip-rap would also
decrease the erosion rate of the Ohio River banks.

3.4.2. Alternative 2. Big Bay Creek Embayment. The mouth of Big Bay Creek is presently being
eroded by the Ohio River currents.  This alternative calls for the construction of a rock revetment at
the mouth of the creek to decrease the sedimentation rate and reduce the erosion of the banks.  By
constructing the revetment, the velocity of water from Big Bay Creek would increase, thereby
creating scour holes along the rock revetment.  The revetment alone would provide approximately
0.24 surface acre of submerged hard substrate to be utilized as velocity shelter, foraging habitat, and
cover for a variety of fish and benthic invertebrate species.  Estimates of habitat acres created by the
rock revetments are based on the total amount of surface area of the revetments.  In addition to the
revetment, rip-rap would be placed along the banks of the Ohio River upstream of the confluence
with Big Bay Creek and near the revetment to protect the banks from the currents of the Ohio River.
The rip-rap would also ensure that the terrestrial/riparian habitat occurring along the river would not
be destroyed through erosion.
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3.4.3 Alternative 3.   Dredge Channel Through Big Bay Creek Peninsula.  In an attempt to
better protect the mouth of Big Bay Creek, this alternative proposes to dredge a new channel through
the upper end of a peninsula between Big Bay Creek and the main channel of the Ohio River.  This
channel would be constructed approximately 0.5 miles upstream of the mouth of Big Bay Creek and
would be approximately 730 feet long and 80 feet wide at the water surface.  In conjunction with the
new channel, a diversion structure would be constructed to enhance the amount of flow entering into
the new channel.  This structure would measure 26 feet wide by 100 feet long at the base.  The
construction of the new channel and the diversion structure would create approximately 1.5 acres of
submerged aquatic habitat.  In addition, the diversion structure would provide velocity shelter and
escape cover for a variety of aquatic organisms.

The new channel would change the narrow peninsula of farmland into an island of approximately
39 acres.  This farmland on the island would be purchased, and approximately 60 percent of the
property would be reforested with a mixture of mast-producing bottomland hardwood tree species.
This island would provide approximately 23.5 acres of quality bottomland hardwood habitat for a
variety of song birds and wildlife species.  The remaining 15.5 acres of the island would be managed
as open grasslands, which would provide foraging habitat for many song bird, game bird, and grazing
wildlife species. All of these actions would increase recreational opportunities in the project area.
Through placement of rip-rap along the main channel banks and at the mouth of the new channel, the
created island would be further stabilized and protected against the normal currents and flood waters
of the Ohio River.  A total of 40.5 acres of habitat would be provided under this alternative.

3.4.4. Summary of Environmental Benefits

Under Alternative 1, Barren Creek Embayment, no-action results in no significant impacts, while
implementing the alternative results in an average annual increase of 0.18 acre.  For Alternative 2,
Big Bay Creek Embayment, no- action results in no significant impacts, while implementing the
alternative results in an average annual increase of 0.24 acre.  Under Alternative 3, Dredge Channel
Through Big Bay Creek Peninsula, no-action results in no significant impacts, while implementing
the alternative results in an average annual increase of 40.5 acres.

3.5 Relationship Among Alternatives

Alternative 1 can be effectively combined with alternatives 2 or 3.  However, alternatives 2 and 3
cannot be combined with each other because they seek to achieve the same goal of reducing sediment
deposition in the mouth of Big Bay Creek.  The costs and environmental outputs of the alternatives
when combined are additive. IWR-PLAN requires that each alternative be assigned costs and outputs
associated with both implementing and not implementing the alternative.  The cost for not
implementing an alternative (no-action) is $0.  The environmental outputs associated with not
implementing an alternative (no-action) are the quantity of habitat that would be impacted (lost) over
the life of the project if the alternative is not implemented.  These values are calculated in terms of
average annual impacts, which are the cumulative number of acres impacted each year by the project
divided by 50, the number of years the project will exist.  The no-action outputs are entered into
IWR-PLAN as negative values (lost habitat).

The cost of implementing each alternative is stated in average annual costs and includes construction
costs and operation and maintenance costs.  The environmental outputs associated with implementing
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each alternative are calculated as the quantity of habitat created by the alternative and the quantity of
habitat protected from loss if the alternative were not implemented (the no-action impacts).  Because
of the method that IWR-PLAN uses to combine alternatives to derive the various combinations of
alternatives, the impacts associated with implementing the alternative must be entered into the
program as net impacts.  Net impacts for each alternative are calculated as the impacts associated
with implementing the alternative minus the no-action impacts.

When developing the combination of alternatives, IWR-PLAN includes each alternative in the
combination and assigns either an action or no-action status to each.  For instance, the IWR-PLAN
derived output from implementing Alternative 1 is actually calculated as the combination of the net
impacts of the action of Alternative 1 (0.18 acre) and the no-action impacts of Alternative 2 (0 acre)
and Alternative 3 (0 acre), resulting in a combined impact of 0.18 acre.

Including no-action, a total of six actual combinations of alternatives exist.

3.6 Cost Effectiveness Analysis

Cost effectiveness analysis is intended to illustrate which alternatives can produce the same amount
of environmental output for less costs or a larger quantity of output for the same or less cost.
Table 3-5 presents the average annual cost, annual environmental outputs, and average cost per
output for each combination of alternatives.  The cost-effective combinations are:  No-Action,
Alternative 1; Alternative 3; and the combination of alternatives 1 and 3.  These combinations are
presented in bold type in Table 3-5.

Table 3-5. Barren Creek and Big Bay Creek Embayments Project,
Cost Effectiveness Analysis

Alternative
Outputs
(Acres)

Costs
($1,000)

Average Cost
($/Acres)

No Action 0.00 0.00 0
Alternative 1 0.18 22.12 122,889
Alternative 2 0.24 43.06 179,417
Alternative 3 40.50 38.92 961
Alternatives 1 and 2 0.42 65.18 155,191
Alternatives 1 and 3 40.68 61.04 1,501

       Source:  G.E.C., Inc.

3.7 Incremental Cost Analysis

Incremental cost analysis illustrates the increase in costs associated with advancing from one output
level to the next.  Table 3-6 presents the average annual cost, the annual environmental output, the
average cost of output, the incremental output, and the total and per unit incremental cost of the “best
buy” alternatives.
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Table 3-6. Barren Creek and Big Bay Creek Embayments Project,
Incremental Cost Analysis of Increasing Output from the No-Action Alternative

for the “Best Buy” Alternatives

Alternative
Outputs
(Acres)

Costs
($1,000)

Average
Cost

($/Acres)

Incremental
 Cost

($1,000)

Incremental
Output
(Acres)

Incremental
Cost Per

Output ($)
Alternative 3 40.50 38.92 961 38.92 40.50 961
Alternatives 1 and 3 40.68 61.04 1,501 22.12 0.18 122,889

Source:  G.E.C., Inc.

Alternative 3 and the combination of alternatives 1 and 3 are considered “best buy” alternatives, or
the alternatives that would generate the most output for any additional money expended.  The
average cost per habitat acre for Alternative 3 is $961, which is also the incremental cost per acre.  A
total of 40.5 beneficial habitat acres are produced under this combination.  The total annual
incremental cost, the increase in costs from No-Action, is $38,920.

The combination of alternatives 1 and 3 produces 40.68 beneficial habitat acres at an annual average
cost of $61.04 resulting in an average cost of $1,501 per habitat acre.  When compared to
Alternative 3, the average annual incremental cost of this combination is $22,120, and the
incremental output is 0.18 beneficial habitat acres, yielding a per unit incremental cost of $122,889.

Alternative 1 generates 0.18 average annual acre of habitat at an annual cost of $22,120.  This
equates to a cost of $122,889 ($22,120/0.18) per acre of output.  Alternative 3 produces a total of
40.50 average annual acres at an annual cost of $38,920.  This equates to a cost of $961
($38,920/40.5) per acre of output.  Alternative 3 produces more output at a lower per unit cost,
making it a “better buy” than Alternative 1.  In order to generate more than 40.5 acres of habitat, the
cost-effective combination of alternatives 1 and 3 must be implemented.  The combination of
alternatives 1 and 3 produces a total of 40.68 acres, or 0.18 acres more than Alternative 3, at a total
cost of $61,040, or $22,120 more than Alternative 3.  This equates to a cost of $122,889
($21,120/0.18) per additional acre of output over the 40.5 acres produced under Alternative 3.  For
these reasons, Alternative 3 and the combination of alternatives 1 and 3 are considered “best buy”
plans.

4.0 SUMMARY AND CONCLUSION

This report presents an incremental analysis on the Barren Creek and Big Bay Creek Embayments
Project, which is associated with a proposed ecosystem restoration program for the Ohio River.  The
Barren Creek and Big Bay Creek Embayment project is located in Pope County, Illinois,
approximately 11.6 miles northeast of Paducah, Kentucky.  The primary goal of the project is to
provide shallow water and rock spawning habitat for fish and to restore and maintain the openings to
the Barren Creek and Big Bay Creek embayments.  Three alternatives were evaluated as part of the
project and include: Alternative 1, Barren Creek Embayment; Alternative 2, Big Bay Creek
Embayment; and Alternative 3, Dredge Channel Through Big Bay Creek Peninsula.
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Under Alternative 1, Barren Creek Embayment, the opening for Barren Creek would be dredged and
a rock revetment constructed. This alternative will reestablish a suitable depth for boater access and
provide a suitable sub-grade for the rock revetment at the mouth, while the revetment will create
habitat diversity for aquatic species such as fish and benthic invertebrates.  Under Alternative 2, Big
Bay Creek Embayment, a rock revetment will be constructed to protect the eroding riverbank and
provide rock habitat within the project area.  Under Alternative 3, Dredge Channel Through Big Bay
Creek Peninsula, a channel between the main channel of the Ohio River and Big Bay Creek will be
dredged.  The resulting island could be replanted with preferred bottomland hardwoods.  The primary
benefits of this alternative would include increasing aquatic habitat, increasing terrestrial habitat due
to land acquisition and habitat improvements (reforestation), and increasing recreational
opportunities, especially fishing and hunting.

The following subsections provide a summary of impacts, as well as the cost effectiveness analysis.

4.1 Environmental Benefits

4.1.1. Alternative 1. Barren Creek Embayment.  Dredging the opening for Barren Creek and
constructing a rock revetment will create habitat diversity for aquatic species such as fish and benthic
invertebrates.  If this alternative is implemented, 0.18 acre of aquatic habitat will be created.  There
will be no direct loss of habitat for no-action under this alternative.

4.1.2. Alternative 2.  Big Bay Creek Embayment.  Constructing a rock revetment will protect the
eroding riverbank and provide rock habitat within the project area.  If this alternative is implemented,
0.24 acre of aquatic habitat will be created.  There will be no direct loss of habitat for no-action under
this alternative.

4.1.3. Alternative 3.  Dredge Channel Through Big Bay Creek Peninsula .  Dredging a channel
between the main channel of the Ohio River and Big Bay Creek will create an island and could create
aquatic habitat, increase terrestrial habitat due to land acquisition and habitat improvements
(reforestation), and improve fishing and hunting.  If this alternative is implemented, 40.5 acres of
habitat will be created.  There will be no significant direct loss of habitat for no-action under this
alternative.

4.2 Cost Effectiveness and Incremental Cost Analysis

Cost effectiveness and incremental cost analyses were conducted for the combination of alternatives
in order to provide decision-makers with information to choose the combination of alternatives that
best satisfy project objectives. The environmental outputs of the alternatives were measured in
habitat acres.  Cost effectiveness analysis compared alternative plans that produces environmental
outputs and determined which plan produces the largest quantity of output for a given cost, or
produce the same or greater quantity of output for less cost.  The cost-effective alternatives and
combination of alternatives are:  No-Action; Alternative 1; Alternative 3; and the combination of
alternatives 1 and 3.

Incremental cost analysis compares the increase in costs (of cost-effective alternatives) of advancing
from one output level to the next higher level of output to the increase in outputs.  The resulting “best
buy” alternatives are Alternative 3 and the combination of alternatives 1 and 3.  The average cost per
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habitat acre for Alternative 3 is $961, which is also the incremental cost per acre.  A total of 40.5
beneficial habitat acres are produced under this combination.  The total annual incremental cost, the
increase in costs from No-Action, is $38,920. The combination of alternatives 1 and 3 produces
40.68 beneficial habitat acres at an average cost of $1,501 per habitat acre.  When compared to
Alternative 3, the average annual incremental cost of this combination is $22,120, and the
incremental output is 0.18 beneficial habitat acres, yielding a per unit incremental cost of $122,889.
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EXHIBIT  H-4.  EXAMPLE 3.  UPPER  T-DIKES, OHIO OH-06
5.1  Description of Project and Impacts
5.2  Incremental Analysis
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EXHIBIT H-4
5.1 UPPER TWIN CREEK “T” DIKES (OH-06)

1.0 Location

The proposed Upper Twin Creek “T” Dikes project area is located in Scioto County, Ohio
approximately 14.5 miles southwest of Portsmouth, Ohio.  The project site is in the Ohio River
Meldahl Pool between Ohio River Mile (ORM) 372 and 373.  The project site is within the
jurisdiction of the Huntington District, U.S. Army Corps of Engineers (USACE).

2.0 Project Goal

The primary goals of the Upper Twin Creek “T” Dikes project are to provide aquatic habitat
diversity upstream from Upper Twin Creek and to provide velocity shelters for fishes in the Ohio
River during winter and times of high flows.  Increased habitat diversity would correlate with a
sustained fishery resource.

3.0 Project Description and Rationale

A group of ten “T” shaped boulder (rip-rap) structures will be created upstream from Upper Twin
Creek along the main channel border of the Ohio River.  The boulder piles will be constructed at
various depths and at various distances from the shoreline outside of the navigation channel to
maximize habitat heterogeneity.  The “T” dikes structures will also provide velocity shelters for
fishes during all seasons.
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4.0 Existing Conditions

Terrestrial/Riparian Habitat:  The Ohio bank of the Ohio River east of the mouth of Upper
Twin Creek is dominated by a band of riparian trees.  The dominant species present in the
stand include box elder (Acer negundo), black willow (Salix nigra), and silver maple (Acer
saccharinum).  The area appears to be highly disturbed, and the shoreline area is littered with
trash including hundreds of discarded tires.

Aquatic Habitats:  The proposed location of Upper Twin Creek “T” Dikes is east of the mouth
of Upper Twin Creek along the Ohio bank of the Ohio River between ORM 372 and 373.  The
proposed location is on an outside bend of the Ohio River off of the main navigation channel.
There is currently minimal structure or habitat diversity in the location where the series of “T”
dike structures would be positioned.  The banks are characterized by mud/sand, and the bottom
substrates are composed primarily of silt and fine sand.

A narrow littoral zone extends from the shoreline to approximately 3 yards from the bank before
gradually dropping to an average depth of 12-14 feet at approximately 25 yards from the bank.
At approximately 50 yards from the bank the average depth is approximately 15-20 feet deep.

Wetlands:  There are no jurisdictional wetlands present in the immediate vicinity of the
proposed Upper Twin Creek “T” Dikes project area.  Wetlands in the vicinity of the project would
be restricted to the bottomland hardwoods associated with the riparian zone adjacent to the
Ohio River.
Federally-Listed Threatened and Endangered Species:  According to the U.S. Fish and
Wildlife Service (USFWS), there are three federally-listed threatened and endangered species
known to occur in Scioto County, Ohio.   These species are shown on Table 1.

Table 1.  Federally-listed species known to occur in Scioto County, Ohio.
Common Name Scientific Name Federal Status Potential Habitat

Present
Indiana bat Myotis sodalis Endangered no

Virginia spiraea Spirea virginiana Threatened no

small whorled pogonia Isotria medeoloides Threatened no
Source:  Parsons Engineering Science, 2000
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Upper Twin Creek “T” Dikes upstream.

Upper Twin Creek “T” Dikes downstream.
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5.0 Project Diagram

6.0 Engineering Design and Requirements

6.1 Existing Ecological/Engineering Concern

The Ohio River channel upstream from the mouth of Upper Twin Creek has very little
habitat diversity.  Since this area is on an outside bend of the river, river currents limit
the natural deposition of structure, such as snags.  The creation of the proposed
“T” dikes would provide a complex structure that would increase submerged habitat.  In
addition to the added hard substrate, the altered bathymetry associated with changes in
water flow would also enhance habitat diversity.

6.2 “T” Dike Structure

A “T” Dike is a large rock revetment designed to provide submerged aquatic habitat.
These structures would be placed in a field of ten.  Each structure would be randomly
positioned, 25 to 50 yards from the riverbank, between ORM 372 and 373.  An individual
structure would be 35 feet in width and 30 feet in length at the top (Figure 1).  The
structure would have 1.5 to 1 side slopes, and the overall dimension would be 50 feet by
50 feet.  The dike shall be toed into the sub-grade a minimum of 2 feet and stand above
the channel bottom approximately 5 feet.  The size of the rock used shall be uniformly
graded limestone with each rock weighing between 50 and 150 pounds.  Normally a
well-graded rock would be used, however, a uniform gradation would provide better
aquatic habitat.
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Figure 1. “T” Dike detail.
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7.0 Planning/Engineering Assumptions
“T” Dike Structure
♦  Average channel velocities are 3 feet per second.

♦  All rip-rap material would be shipped by barge to the project site.  All costs for
shipping are included in the material costs.

♦  Excavated material from site preparation can be disposed of into the main river
channel.

8.0 Cost Estimate (Construction)

“T” Dike Structure - Construction costs for the proposed project are contained on Table 2.  A
detailed MCACES cost estimate for the proposed project will be included in Appendix D at a
later date.

Table 2.  Construction Costs.
Item Cost
Excavation                    ($1,200 Each) $12,000
“T” Dike Revetment      ($7,500 Each) $75,000
Mobilization and Contingencies @ 20% $17,400
TOTAL $104,400

9.0 Schedule:

Upper Twin Creek “T” Dikes:  The estimated construction time for this project is shown on
Table 3.

Table 3.  Construction Schedule.
Item Time
Mobilization 2 Days
Excavation 8 Days
“T” Dike Revetment 45 Days
TOTAL 55 Days

10.0 Expected Ecological Benefits

Terrestrial/Riparian Habitat:  The Upper Twin Creek “T” Dikes project would be constructed
in-stream adjacent to the Ohio bank of the Ohio River.  Since all of the proposed construction
would be in-stream, there would be no reasonably foreseeable beneficial impacts to
terrestrial/riparian resources.

Aquatic Habitats:  Long-term beneficial impacts to aquatic resources would be anticipated as a
result of constructing the Upper Twin Creek “T” Dikes.  The complex structure of the rip-rap
“T” dike coupled with localized changes in flow patterns and the scouring effects downstream
from the rock revetments would lead to improved habitat diversity for aquatic species.  Habitat
requirements for fishes change seasonally.  The “T” dike structure and the changes in
bathymetry associated with the altered water flow from the structure would provide velocity
shelters during the winter and during times of high flows.
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An improved fishery could also have benefits on mussel populations in and near the project
area.  Most of the mussels found in the Ohio River require fish hosts to complete their larval life
stage.  Increased numbers of potential host fish would likely increase the number of larvae
successfully completing the metamorphosis from larvae to juvenile mussels.  Movement of
these fish between habitats may also provide a means of dispersal for the juvenile mussels.

The addition of the hard substrate (rip-rap) would result in long-term beneficial impacts to other
aquatic species, especially benthic macroinvertebrates, due to the increase in the habitat
diversity.  The rip-rap “T” dike would provide more silt-free submerged surface area for
invertebrates as well as foraging and escape cover for various invertebrates and small fishes.

Wetlands:  There would be no reasonably foreseeable beneficial impacts to jurisdictional
wetlands as a result of constructing the Upper Twin Creek “T” Dikes.

Federally-Listed Threatened and Endangered Species:  There would be no reasonably
foreseeable beneficial impacts to Indiana bats, Virginia spiraea, or small whorled pogonia as a
result of constructing the Upper Twin Creek “T” Dikes.

Although no federally-listed mussel species have been documented in the vicinity of the project
area or in Scioto County, there are several endangered mussel known to occur in the Ohio
River.  The complex nature of the rip-rap structure from the “T” dikes coupled with localized
changes in flow patterns and the scouring effects downstream from the structure could lead to
improved habitat for endangered mussels and similar species.  Also, as mentioned above, an
improved fishery may also benefit mussel populations through increased numbers of potential
hosts and means of dispersal.

Socioeconomic Resources:  There would be short-term and long-term beneficial impacts to
socioeconomic resources as a result of implementing the proposed project.  The short-term
beneficial impacts would be related to costs and local expenditures associated with the
construction of the “T” dikes.

Potential Adverse Environmental Impacts

Terrestrial/Riparian Habitat:  During the site preparation and construction of the revetments,
there would be a potential for short-term adverse impacts to terrestrial species from
construction-related noise and disturbance.  Considering the existing high volume of
disturbance from barge traffic along the Ohio River and recreational boat usage in the area, it is
likely that the increased noise/disturbance impacts would be very minor.

Aquatic Habitats:  There would be a potential for adverse affects to aquatic species, especially
immobile benthic invertebrates during the construction of the Upper Twin Creek “T” Dikes.
Localized populations of benthic invertebrates could be covered with rip-rap during the
construction of the “T” dikes.  In addition, sensitive aquatic species immediately downstream
from the site could be adversely impacted by degraded water quality associated with displaced
sediments, especially during the site preparation/excavation.  The adverse impacts to aquatic
species would be short term, and the overall beneficial impacts of the restoration project would
outweigh the adverse impacts.

Wetlands:  There would be no adverse affects to jurisdictional wetlands as a result of
constructing the Upper Twin Creek “T” Dikes.

Federally-Listed Threatened and Endangered Species:  It would be unlikely that the Indiana
bat, Virginia spiraea, or small whorled pogonia would be adversely affected by the construction
of the proposed project.
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Socioeconomic Resources:  There would be no reasonably foreseeable adverse
socioeconomic impacts as a result of implementing the proposed project.

11.0 Mitigation

Minor impacts associated with site preparation/excavation and rock (rip-rap) placement may
occur during the construction of this project, however, no significant adverse impacts are
expected.  The use of best management practices and proper construction techniques would
minimize adverse water quality impacts.  No substantial mitigation measures would be
necessary to complete this project.

12.0 Preliminary Operation and Maintenance Costs:
Upper Twin Creek “T” Dikes   Operation and Maintenance costs are summarized on Table 4.

Table 4.  Operation and Maintenance Costs (50 Year Life)
Maintenance Frequency Costs
Repair of Rock Structures 10 years $52,200

13.0 Potential Cost Share Sponsor(s)

♦  State of Ohio
♦  local fishing groups/tournament fishermen
♦  barge/towing industry
♦  U.S. Fish & Wildlife Service

14.0 Expected Life of the Project

It is anticipated that the “T” dike structures would have an intact life expectancy of 50 years.

15.0 Hazardous, Toxic, and Radiological Waste Considerations
Potential impacts of hazardous, toxic, and radiological waste (HTRW) at the site were visually
assessed during a site visit and further assessed via a database search of HTRW records in the
site area.

Site Inspection Findings. The project site is located in the Ohio River immediately upstream of
the mouth of Upper Twin Creek in Scioto County, Ohio.
The following environmental conditions were considered when conducting the June 9, 1999
project area inspection:

♦  Suspicious/Unusual Odors;
♦  Discolored Soil;
♦  Distressed Vegetation;
♦  Dirt/Debris Mounds;
♦  Ground Depressions;
♦  Oil Staining;
♦  Above Ground Storage Tanks (ASTs);
♦  Underground Storage Tanks (USTs);
♦  Landfills/Wastepiles;

♦  Impoundments/Lagoons;
♦  Drum/Container Storage;
♦  Electrical Transformers;
♦  Standpipes/Vent pipes;
♦  Surface Water Discharges;
♦  Power or Pipelines;
♦  Mining/Logging; and
♦  Other

Sparse residential houses and hardwood forest are to the north of the project area.  None of the
environmental conditions listed above were observed in the project area.
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Risk Management Data Search.  A search of available environmental records was conducted
by Environmental Data Resources, Inc. (EDR).  The search complied with ASTM Standard
Practice for Environmental Site Assessments, E 1527-97.  The search report with maps
showing the search area around the project site is presented in Appendix B.  The search
distance was configured to include the area of the project and a buffer zone beyond the
boundary of the project.  It was conservatively assumed that any environmental conditions
beyond the project area buffer zone would not impact the project.  Databases searched and the
distance searched from the project site for each environmental item (e.g., USTs, NPL sites, etc.)
are as follows:

Databases Search Radius (Miles)
NPL:  National Priority List 1.75
RCRIS-TSD:  Resource Conservation and Recovery Information System 1.25
SHWS:  State Hazardous Waste Sites 1.75
CERCLIS:  Comprehensive Environmental Response, Compensation, and
Liability Information System

1.25

CORRACTS: Corrective Action Report 1.75
SWF/LF:  Available Disposal for Solid Waste in Illinois- Solid Waste
Landfills Subject to State Surcharge

1.25

LUST:  Leaking Underground Storage Tank Not Applicable for This Site
UST:  Underground Storage Tank 1.00
RCRIS-SQG: Resource Conservation and Recovery Information System
for Small Quantity Generators

1.00

RCRIS-LQG:  Resource Conservation and Recovery Information System
for Large Quantity Generators

1.00

ROD:  Record of Decision 1.75
CONSENT:  Superfund (CERCLA) Consent Decrees 1.75
Coal Gas:  Former Manufactured gas (Coal Gas) Sites 1.00
MINES:  Mines Master Index File 1.00

HTRW Findings and Conclusions

An inspection of the project site and a search of environmental records relevant to the project
site and extended areas beyond have revealed no evidence of recognized environmental
problem conditions in connection with this project site.
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APPENDIX A Threatened & Endangered Species
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APPENDIX B Hazardous Toxic and Radiological Wastes
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APPENDIX C  Plan Formulation and Incremental Analysis Checklist

Project Site Location: (Include enough description or landmarks to find).

The proposed Upper Twin Creek “T” Dikes project area is located in Scioto County, Ohio
approximately 14.5 miles southwest of Portsmouth, Ohio.  The project site is in the Ohio River
Meldahl Pool between Ohio River Mile (ORM) 372 and 373.  The project site is within the
jurisdiction of the Huntington District, U.S. Army Corps of Engineers (USACE).

Description of Plan selected:
A group of ten “T” shaped boulder (rip-rap) structures will be created upstream from Upper Twin
Creek along the main channel border of the Ohio River.  The boulder piles will be constructed at
various depths and at various distances from the shoreline outside of the navigation channel to
maximize habitat heterogeneity.  The “T” dikes structures will also provide winter velocity
shelters for fishes.

Alternatives of the Selected Plan:

Smaller Size Plans Possible? Yes and description

Reduce the number of “T” dike structures.

Larger Size Plan Possible? Yes and description

Increase the size and number of “T” dike structures.

Other alternatives? No

Restore/Enhance/Protect Terrestrial Habitats? Opportunity numbers met 

Restore, Enhance, & Protect Wetlands? Opportunity numbers met 

Restore/Enhance/Protect Aquatic Habitats? Yes Opportunity numbers met A5, A6

Type species benefited: Fish and invertebrates including mussels.

Endangered species benefited: Potential benefits to mussel species.

Can estimated amount of habitat units be determined:

Plan acceptable to Resources Agencies?
U.S. Fish & Wildlife Service?
State Department of Natural Resources? Yes – Ohio DNR

Plan considered complete? Connected to other plans for restoration?

Real Estate owned by State Agency? Federal Agency?
Real Estate privately owned? No
If privately owned, what is status of future acquisition?
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Terrestrial Habitat Opportunities
T1- Restore riparian corridors, reduce fragmentation by expanding and joining isolated habitat blocks and

stabilize eroding banks.

T2 Restore, protect existing islands and create islands where they historically occurred.

T3 Restore hardwood forests in the 100-year floodplain.

Wetland Habitat Opportunities
W1 Forested Wetlands: Restore Forested Wetlands: Bottomland Hardwoods

W2  Forested Wetlands: Restore Forested Wetlands:Cypress/Tupelo Swamps and other unique forested
wetlands

W3 Restore Scrub/Shrub Emergent Wetlands: including those areas isolated from the river except during high
water and those contiguous with embayments and island sloughs.

Aquatic Habitat Opportunities
A1 Restore backwaters (Including sloughs, embayments, oxbows, bayous, etc.).

A2 Restore riverine submerged and emergent aquatic vegetation

A3 Restore and protect sand and gravel bars.

A4 Protect tailwaters and provide structures to provide refuge for fish.

A5 Create and protect fish and mussel refuges in pools (deep water, slow velocity, soft substrate)

A6 Restore and protect aquatic habitat (Side Channel/Back Channel Habitat)

Other
O-1 Restore other habitats(e.g., canebrakes, river bluffs mussel beds, etc.)
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APPENDIX D Micro Computer-Aided Cost Engineering System (MCACES)
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Upper Twin Creek "T" Dikes    QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
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 Lands and Damages                                                    0           0           0      47,100      47,100

                Habitat & Feeding Facilities

                    'T' Dikes (Group of Ten)

                        Excavation
 HYD EXCAV, CRWLR, 2.50 CY B    7.14 HR  H25BA004      1.00           0         508           0           0         508   71.16
 KT
 Outside Equip. Op. Medium      7.14 HR  X-EQOPRMED    1.00         145           0           0           0         145   20.25
 WORK FLOAT, MED DUTY, 30'X1    7.14 HR  M10MZ003      1.00           0          12           0           0          12    1.71
 0'X3'
 Outside Laborer                7.14 HR  X-LABORER     1.00         163           0           0           0         163   22.81
 TUG BOAT, 150 TO 40O HP        7.14 HR  XX0XX004      1.00           0         183           0           0         183   25.66
 Outside Equip. Op. Medium      7.14 HR  X-EQOPRMED    1.00         145           0           0           0         145   20.25
 TUG BOAT, 500 TO 80O HP        7.14 HR  XX0XX002      1.00           0         455           0           0         455   63.68
 Outside Equip. Op. Medium      7.14 HR  X-EQOPRMED    1.00         145           0           0           0         145   20.25
 WORK BARGE-S,MED DUTY,60'X1   57.14 HR  M10MZ009      1.00           0         304           0           0         304    5.32
 6'X5'
 Outside Laborer                7.14 HR  X-LABORER     1.00         166           0           0           0         166   23.31
 Outside Laborer                7.14 HR  X-LABORER     1.00         163           0           0           0         163   22.81
                                                            ----------- ----------- ----------- ----------- -----------
 Excavation                  1000.00 CY                             926       1,463           0           0       2,389    2.39

                        Rock
 HYD EXCAV, CRWLR, 2.50 CY B   18.71 HR  H25BA004      1.00           0       1,332           0           0       1,332   71.16
 KT
 Outside Equip. Op. Medium     18.71 HR  X-EQOPRMED    1.00         379           0           0           0         379   20.25
 WORK FLOAT, MED DUTY, 30'X1   18.71 HR  M10MZ003      1.00           0          32           0           0          32    1.71
 0'X3'
 Outside Laborer               18.71 HR  X-LABORER     1.00         427           0           0           0         427   22.81
 TUG BOAT, 150 TO 40O HP       18.71 HR  XX0XX004      1.00           0         480           0           0         480   25.66
 Outside Equip. Op. Medium     18.71 HR  X-EQOPRMED    1.00         379           0           0           0         379   20.25
 TUG BOAT, 500 TO 80O HP       18.71 HR  XX0XX002      1.00           0       1,192           0           0       1,192   63.68
 Outside Equip. Op. Medium     18.71 HR  X-EQOPRMED    1.00         379           0           0           0         379   20.25
 WORK BARGE-S,MED DUTY,60'X1  149.71 HR  M10MZ009      1.00           0         797           0           0         797    5.32
 6'X5'



 Outside Laborer               18.71 HR  X-LABORER     1.00         436           0           0           0         436   23.31
 Outside Laborer               18.71 HR  X-LABORER     1.00         427           0           0           0         427   22.81
 Rip Rap, 10# to 200# Pieces 2620.00 CY  COETF        32.00      29,821       4,253      63,876           0      97,950   37.39
 Random, Dumped from Truck onto
 barge to be shipped to site.
                                                            ----------- ----------- ----------- ----------- -----------
 Rock                        2620.00 CY                          32,248       8,086      63,876           0     104,210   39.77

LABOR ID: FTCAMP    EQUIP ID: NAT97A                  Currency in DOLLARS                   CREW ID: NAT99A   UPB ID: UP99EA



Thu 13 Jul 2000                                  U.S. Army Corps of Engineers                                     TIME 08:10:17
Eff. Date  06/20/00               PROJECT OH-006:   Upper Twin T Dikes - Ohio River Mainstem
DETAILED ESTIMATE                            Effective Pricing Date: October 1997                              DETAIL PAGE    2
                                                           04. Ohio

-------------------------------------------------------------------------------------------------------------------------------
Upper Twin Creek "T" Dikes    QUANTY UOM CREW ID     OUTPUT       LABOR    EQUIPMNT    MATERIAL       OTHER  TOTAL COST    UNIT
-------------------------------------------------------------------------------------------------------------------------------

                        Mobilization
 MOBILIZATION                   1.00 EA                0.00           0           0      15,000           0      15,000   15000
                                                            ----------- ----------- ----------- ----------- -----------
 Mobilization                   1.00 EA                               0           0      15,000           0      15,000   15000

                                                            ----------- ----------- ----------- ----------- -----------
 'T' Dikes (Group of Ten)       1.00 EA                          33,174       9,549      78,876           0     121,599  121599
                                                            ----------- ----------- ----------- ----------- -----------
 Habitat & Feeding Facilitie                                     33,174       9,549      78,876           0     121,599
 Planning, Engineering & Des                                          0           0           0      31,100      31,100

 Engineering During                                                   0           0           0       2,500       2,500

 Construction Management                                              0           0           0      16,000      16,000

                                                            ----------- ----------- ----------- ----------- -----------
 Upper Twin Creek "T" Dikes                                      33,174       9,549      78,876      96,700     218,299
                                                            ----------- ----------- ----------- ----------- -----------
 Ohio                                                            33,174       9,549      78,876      96,700     218,299
                                                            ----------- ----------- ----------- ----------- -----------
 Upper Twin T Dikes                                              33,174       9,549      78,876      96,700     218,299
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                                                                         QUANTY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT
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                      04  Ohio

                      04-05  Upper Twin Creek "T" Dikes

                      04-05{ 0100  Lands and Damages                                     47,100       7,125      54,225
                      04-05{ 0603  Fish & Wildlife Facilities and                       121,599      30,400     151,999
                      04-05{ 3000  Planning, Engineering & Design                        33,600       6,720      40,320
                      04-05{ 3100  Construction Management                               16,000       3,200      19,200
                                                                                    ----------- ----------- -----------
                             TOTAL Upper Twin Creek "T" Dikes                           218,299      47,445     265,744
                                                                                    ----------- ----------- -----------
                             TOTAL Ohio                                                 218,299      47,445     265,744
                                                                                    ----------- ----------- -----------
                             TOTAL Upper Twin T Dikes                                   218,299      47,445     265,744
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                                                                         QUANTY UOM    CONTRACT    CONTINGN  TOTAL COST    UNIT
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                      04  Ohio

                      04-05  Upper Twin Creek "T" Dikes

                      04-05{ 0100  Lands and Damages

                      04-05{ 010000  Lands and Damages                                   47,100       7,125      54,225
                                                                                    ----------- ----------- -----------
                                 TOTAL Lands and Damages                                 47,100       7,125      54,225

                      04-05{ 0603  Fish & Wildlife Facilities and

                      04-05{ 060373  Habitat & Feeding Facilities

                      04-05{ 060373}1  'T' Dikes (Group of Ten)            1.00 EA      121,599      30,400     151,999  151999
                                                                                    ----------- ----------- -----------
                                 TOTAL Habitat & Feeding Facilities                     121,599      30,400     151,999
                                                                                    ----------- ----------- -----------
                                 TOTAL Fish & Wildlife Facilities and                   121,599      30,400     151,999

                      04-05{ 3000  Planning, Engineering & Design

                      04-05{ 300001  Planning, Engineering & Design                      31,100       6,220      37,320
                      04-05{ 300002  Engineering During                                   2,500         500       3,000
                                                                                    ----------- ----------- -----------
                                 TOTAL Planning, Engineering & Design                    33,600       6,720      40,320

                      04-05{ 3100  Construction Management

                      04-05{ 310001  Construction Management                             16,000       3,200      19,200
                                                                                    ----------- ----------- -----------
                                 TOTAL Construction Management                           16,000       3,200      19,200
                                                                                    ----------- ----------- -----------
                                 TOTAL Upper Twin Creek "T" Dikes                       218,299      47,445     265,744
                                                                                    ----------- ----------- -----------
                                 TOTAL Ohio                                             218,299      47,445     265,744



                                                                                    ----------- ----------- -----------
                                 TOTAL Upper Twin T Dikes                               218,299      47,445     265,744
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1.0 INTRODUCTION, PURPOSE AND NEED

This work presents an incremental analysis of the costs and benefits of the Ohio River ecosystem
restoration project OH06 – Upper Twin Creek “T” Dikes, a feasibility level study associated with a
proposed ecosystem restoration program for the Ohio River.  This study serves as an example
incremental analysis for various ecosystem components considered as part of the program.  The
Corps has been involved in a large ecosystem restoration study of the Ohio River extending from
Cairo, Illinois, to Pittsburgh, Pennsylvania.  The Louisville, Huntington, and Pittsburgh districts are
currently working with other Federal agencies and six states to develop an array of ecosystem
restoration projects.

The proposed Upper Twin Creek “T” Dikes project is located in Scioto County, Ohio, approximately
14.5 miles southwest of the City of Portsmouth.  The project site is in the Ohio River Meldahl Pool
between Ohio River Mile (ORM) 372 and 373 and is within the jurisdiction of the Huntington
District, U.S. Army Corps of Engineers (USACE).

The primary goals of the Upper Twin Creek “T” Dikes project are to provide aquatic habitat diversity
upstream from Upper Twin Creek and to provide velocity shelters for fishes in the Ohio River during
winter and times of high flows.  Increased habitat diversity would promote a sustained fishery
resource and an improved recreational fishery.

Three proposed alternatives, presented below, were designed to meet the primary goals of the project.

2.0 PROPOSED ALTERNATIVES

2.1 No-Action

Currently, the Ohio River provides a habitat of limited complexity (fine sand/silt) for aquatic
organisms immediately upstream of the Upper Twin Creek confluence.  Under the No-Action
Alternative, aquatic habitat in this portion of the river would continue to be limited.

2.2 Alternative 1. Construct 10 “T” Dikes

The Ohio River channel upstream from the mouth of Upper Twin Creek has very little habitat
diversity.  Because this area is on an outside bend of the river, currents limit the natural deposition of
such materials as snags that would create structure.  Under this alternative, a group of 10 “T” shaped
dikes constructed of boulders (rip-rap) would be placed upstream from Upper Twin Creek along the
main channel border of the Ohio River. A “T” dike is a large rock revetment designed to provide
submerged aquatic habitat.  The “T” dikes would be constructed at various depths and at various
distances from the shoreline outside the navigation channel to maximize habitat heterogeneity.  The
“T” dikes structures will also provide velocity shelters for fishes during all seasons.  The construction
of the proposed “T” dikes would provide a complex structure that would increase the variability of
submerged habitat.  In addition to the added hard substrate, the altered water flow would enhance
habitat diversity.

The proposed location of the 10 “T” dikes is east of the mouth of Upper Twin Creek along the Ohio
bank of the Ohio River between ORM 372 and 373.  The Ohio bank of the Ohio River east of the
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mouth of Upper Twin Creek is dominated by a band of riparian trees, the dominant species of which
include box elder (Acer negundo), black willow (Salix nigra), and silver maple (Acer saccharinum).
The area appears to be highly disturbed, and the shoreline area is littered with trash, including
hundreds of discarded tires.  The proposed location is on an outside bend of the Ohio River off of the
main navigation channel.  There is minimal structure or habitat diversity in the location where the
series of “T” dike structures would be positioned.  The banks are characterized by mud/sand, and the
bottom substrates are composed primarily of silt and fine sand.

A narrow littoral zone extends from the shoreline to approximately three yards from the bank before
gradually dropping to an average depth of 12 to 14 feet at approximately 25 yards from the bank.  At
approximately 50 yards from the bank, the average depth is approximately 15 to 20 feet deep.

These structures would be placed in a field of 10.  Each structure would be randomly positioned 25 to
50 yards from the riverbank between ORM 372 and 373.  An individual structure would be 35 feet
wide and 30 feet long at the top.  The structure would have 1.5 to 1 side slopes, and the overall
dimension would be 50 feet by 50 feet.  The dike will be toed into the sub-grade a minimum of two
feet and stand above the channel bottom approximately five feet.  All rip-rap material would be
shipped by barge to the project site.  All costs for shipping are included in the material costs.  The
size of the rock used will be uniformly graded limestone, with each rock weighing between 50 and
150 pounds.  Excavated material from site preparation can be disposed in the main river channel.

2.3 Alternative 2.  Construct 20 “T” Dikes

This alternative is similar to Alternative 1, except that a group of 20 “T” dikes would be constructed
upstream from Upper Twin Creek along the bank of the Ohio River between river miles 272 and 273.

The ‘T” dikes would be constructed at various depths and at various distances from the shoreline
outside of the navigation channel to maximize habitat heterogeneity.  The “T” dikes structures will
also provide velocity shelters for fishes during all seasons.  The creation of the proposed “T” dikes
would provide a complex structure that would increase the diversity of submerged habitat.  In
addition to the added hard substrate, the altered water flow would enhance habitat diversity.

These structures would be placed in a field of 20.  Each structure would be randomly positioned 25 to
50 yards from the riverbank between ORM 372 and 373.  An individual structure would be 35 feet
wide and 30 feet long at the top.  The structure would have 1.5 to 1 side slopes, and the overall
dimension would be 50 feet by 50 feet.  The dike will be toed into the sub-grade a minimum of two
feet and stand above the channel bottom approximately five feet.  All rip-rap material would be
shipped by barge to the project site.  All costs for shipping are included in the material costs.  The
size of the rock used will be uniformly graded limestone, with each rock weighing between 50 and
150 pounds.  Excavated material from site preparation can be disposed in the main river channel.

2.4 Alternative 3.  Construct 10 Large “T” Dikes

This alternative is similar to Alternative 1, except that 10 “T” dikes measuring 75 feet by 75 feet
would be constructed along the bank of the Ohio River.

Under this alternative, a group of 10 “T” dikes would be created upstream from Upper Twin Creek
along the main channel border of the Ohio River.  The creation of the “T” dikes would provide a
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complex structure that would increase the diversity of submerged habitat, provide habitat
heterogeneity, and create velocity shelters for fishes during all seasons.  In addition to the added hard
substrate, the altered water flow would also enhance habitat diversity.

These structures would be placed in a field of 10.  Each structure would be randomly positioned 25 to
50 yards from the riverbank between ORM 372 and 373.  An individual structure would be 60 feet
wide and 50 feet long at the top.  The structure would have 1.5 to 1 side slopes, and the overall
dimension would be 75 feet by 75 feet.  The dike will be toed into the sub-grade a minimum of two
feet and stand above the channel bottom approximately five feet.  All rip-rap material would be
shipped by barge to the project site.  All costs for shipping are included in the material costs.  The
size of the rock used will be uniformly graded limestone with each rock weighing between 50 and
150 pounds.  Excavated material from site preparation can be disposed in the main river channel.

3.0 COST ANALYSIS

3.1 Introduction

This section presents the findings of a cost effectiveness and incremental cost analysis of No-Action
and of the three alternatives under consideration.  These cost analyses are not intended to determine
the best alternative, but rather to provide decision-makers with a comparison of alternatives that
produce different levels of environmental outputs and to assist in selecting the alternative that best
satisfies project objectives.  The analyses are intended to improve the quality of decision-making
when considering alternative plans.

The cost effectiveness and incremental cost analysis was conducted in accordance with guidelines
contained in EC 1105-2-206, entitled Project Modification for Improvement of the Environment,
which is the same guidance as EC 1105-2-210, dated June 1, 1995, entitled Ecosystem Restoration in
the Civil Works Program; EC 1105-2-214, dated October 3, 1998, entitled Project Modifications for
Improvement and Aquatic Ecosystem Restoration; and Institute for Water Resources report
Evaluation of Environmental Investments Procedures Manual Interim: Cost Effectiveness and
Incremental Cost Analyses, dated May 1995 (IWR Report 95-R-1).

The Institute for Water Resources (IWR) has developed IWR-PLAN Decision Support Software to
assist with the formulation and comparison of alternative plans of environmental restoration projects.
IWR-PLAN assists in plan formulation by combining solutions to planning problems and calculating
the additive effects of each alternative or combination of alternatives. When developing a
combination of alternatives, IWR-PLAN includes each alternative in the combination, assigning
either an action or no-action status to each.  For instance, when evaluating a project with three
alternatives, IWR-PLAN calculates total environmental output associated with implementing
Alternative 1 as the output associated with implementing Alternative 1 plus the output (if any)
associated with no-action under alternatives 2 and 3.

IWR-PLAN assists in plan formulation and comparison of alternatives by conducting cost
effectiveness and incremental cost analyses.  IWR-PLAN was used in conducting the cost
effectiveness and incremental cost analyses for the Upper Twin Creek “T” Dikes Project.
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As the name indicates, cost effectiveness analysis is a method for comparing alternative plans that
produce environmental outputs and for determining which plan can produce the largest quantity of
output for a given cost, or produce the same or greater quantity of output for less cost.  Cost
effectiveness analysis determines if:  (1) the same environmental output level could be produced by
another plan at less cost; (2) a larger environmental output level could be produced at the same cost;
or (3) a larger environmental output level could be produced at less cost.  For instance, if two
alternatives produce the same amount of environmental outputs, the alternative with the lowest cost
is considered cost effective.  Likewise, if the costs of two alternatives are equal, but one produces
more outputs than the other, the one producing the higher level of outputs would be the cost effective
alternative.  Also, an alternative that costs less and produces higher levels of output is considered to
be cost effective compared to higher cost alternatives producing lower levels of output.

Incremental cost analysis builds on the findings of the cost effectiveness analysis.  This is
accomplished by comparing the increase in costs to the increase in outputs associated with advancing
from one output level (one cost effective alternative) to the next higher output level (another cost
effective alternative).

3.2 Cost Estimates of Alternatives

To conduct cost effectiveness and incremental cost analyses, the total cost of implementing each
alternative must be estimated and stated on an average annual basis.  Preliminary cost estimates for
alternatives presented in the feasibility report were obtained from the Microcomputer Aided Cost
Estimating System (MCACES) cost estimates developed as part of the feasibility report and
additional cost elements (real estate, plans and specifications, and supervision and administration
during construction).  Cost estimates for alternatives developed as part of this analysis were based on
MCACES per-unit costs presented in the feasibility report and calculated quantities.

3.2.1 Alternative 1. Construct 10 “T” Dikes.  The total estimated cost associated with
implementing Alternative 1 is $215,406 (Table 3-1).  Activities included in these costs are equipment
mobilization, riverbed excavation, and placement of rock revetments.  Also included in the costs are
contingencies, real estate costs, plans and specifications, supervision and administration during
construction, and interest during construction. Interest during construction is based on the federal
discount rate of 6.625 percent and a construction schedule of 55 days.
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Table 3-1.  Upper Twin Creek “T” Dikes Project,
Alternative 1, Construct 10 “T” Dikes, Cost Estimate

Item Costs
"T" Dikes Costs
  Mobilization $15,000
  Excavation $2,389
  Rock $104,210
  Contingencies $8,512
  Real Estate Costs $54,225
  Plans and Specifications $15,000
  S & A During Construction $15,000
Cost Subtotal $214,336
  Interest During Construction $1,070
Gross Investment $215,406

   Sources:  Ohio River Mainstream Ecosystem Restoration Project –
      Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

3.2.2 Alternative 2.  Construct 20 “T” Dikes. The total estimated cost of Alternative 2 is
$331,616 (Table 3-2).  Activities included in these costs are equipment mobilization, riverbed
evacuation, and placement of rock revetments.  Also included in the costs are contingencies, real
estate costs, plans and specifications, supervision and administration during construction, and interest
during construction.  Interest during construction is based on the federal discount rate of
6.625 percent and a construction schedule of 108 days.

Table 3-2. Upper Twin Creek “T” Dikes Project,
Alternative 2, Construct 20 “T” Dikes, Cost Estimate

    Sources: Ohio River Mainstream Ecosystem Restoration Project –
     Feasibility Report; Louisville District, USACE; and G.E.C., Inc.

Item Costs
"T" Dikes Costs
  Mobilization $15,000
  Excavation $4,778
  Rock $208,420
  Contingencies $15,974
  Real Estate Costs $54,225
  Plans and Specifications $15,000
  S & A During Construction $15,000
Cost Subtotal $328,397
  Interest During Construction $3,219
Gross Investment $331,616
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3.2.3 Alternative 3.  Construct 10 Large “T” Dikes.  The total estimated cost of implementing
Alternative 3 is  $372,921 (Table 3-3).  Activities included in these costs are equipment mobilization
riverbed excavation, and placement of rock revetments.  Other included costs are contingencies, real
estate costs, plans and specifications, supervision and administration during construction, and interest
during construction.  Interest during construction is based on the federal discount rate of
6.625 percent and a construction schedule of 126 days.

Table 3-3. Upper Twin Creek “T” Dikes Project,
Alternative 3, Construct 10 Large “T” Dikes, Cost Estimate

     Sources. Ohio River Mainstream Ecosystem Restoration Project –
       Feasibility Report; Louisville District, USACE; and G.E.C., Inc., 2000.

3.3 Average Annual Cost

Table 3-4 presents a summary of the cost estimates for the three alternatives.  The average annual
cost of implementing each alternative, assuming a 50-year project life and a federal discount rate of
6.625 percent, is also presented.  The average annual cost is the annual amount required to amortize
the present value of project costs over the life of the project.  It is equivalent to the annual payment
needed to finance the project over 50 years at 6.625 percent interest.

The average annual cost of Alternative 1, Construct 10 “T” Dikes, is $18,718.   This includes an
average annual cost of gross investment of $14,872 and average annual operation and maintenance
costs of  $3,846.  The operation and maintenance costs are based on costs of $52,200 expected to be
incurred every 10 years during the life of the project for the repair of the rock structures.  These costs
are discounted to their net present value, then amortized over the life of the project.

The average annual cost of Alternative 2, Construct 20 “T” Dikes, is $30,587.   This includes an
average annual cost of gross investment of $22,896 and average annual operation and maintenance
costs of  $7,691.  The operation and maintenance costs are based on costs of $104,400 expected to be
incurred every 10 years during the life of the project.  These costs are discounted to their net present
value, then amortized over the life of the project.

Item Costs
"T" Dikes Costs
  Mobilization $15,000
  Excavation $5,091
  Rock $245,779
  Contingencies $18,611
  Real Estate Costs $54,225
  Plans and Specifications $15,000
  S & A During Construction $15,000
Cost Subtotal $368,705
  Interest During Construction $4,216
Gross Investment $372,921
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Table 3-4. Upper Twin Creek “T” Dikes Project,
Summary of Construction and O & M Costs for Each Alternative

Sources: Ohio River Mainstream Ecosystem Restoration Project - Feasibility Report;
Louisville District, USACE; and G.E.C., Inc., 2000.

The average annual cost of Alternative 3, Construct 10 Large “T” Dikes, is $34,817.   This includes
an average annual cost of gross investment of $25,748 and average annual operation and
maintenance costs of  $9,069.  The operation and maintenance costs are based on costs of $123,100
expected to be incurred every 10 years during the life of the project.  These costs are discounted to
their net present value, then amortized over the life of the project.

3.4 Environmental Benefits

Environmental impacts associated with No-Action and each alternative were measured in habitat
acres.  Because of resource and time constraints, field surveys could not be conducted to define the
impact of each alternative.  Therefore, environmental impacts were estimated using information
provided in the feasibility report.  Extensive field surveys would be required to more accurately
quantify the environmental impacts of each alternative.

3.4.1 Alternative 1. Construct 10 “T” Dikes.  The aquatic habitat diversity occurring along the
outer bend of the Ohio River immediately upstream of the Twin Creek confluence is extremely
limited.  In an attempt to increase aquatic habitat diversity in this portion of the river channel,
construction of 10 “T” dikes at various depths and various distances from the bank but out of the
navigation channel has been proposed.  These “T” dikes would provide underwater structures, that
would alter the water flow patterns, cause scouring effects downstream of the structures, and improve
habitat diversity for a variety of aquatic organisms.  Each “T” dike would provide approximately
0.04 acre of underwater structure.  Therefore, the 10 “T” dikes alone would create approximately 0.4
surface acre of submerged hard substrate habitat.   Estimates of habitat acres created by the rock
revetments are based on the total amount of surface area of all of the revetments.

3.4.2. Alternative 2.  Construct 20 “T” Dikes.  Under Alternative 2, construction of 20 “T” dikes
is proposed.  These  “T” dikes would be of the same design and size as those proposed in Alternative
1.  The amount of aquatic habitat created by this alternative would increase to approximately 0.7 acre
of submerged hard substrate habitat. Estimates of habitat acres created by the rock revetments are
based on the total amount of surface area of all of the revetments.

3.4.3. Alternative 3.  Construct 10 Large “T” Dikes. In order to provide the most habitat
diversity per unit of cost, other alternatives have been proposed.  Under this alternative, 10 “T” dikes

Item Alternative 1 Alternative 2 Alternative 3

Gross Investment $215,406 $331,616 $372,921

Annualized Gross Investment Cost $14,872 $22,896 $25,748

Annualized O&M Costs $3,846 $7,691 $9,069

Total Annualized Costs $18,718 $30,587 $34,817
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would be constructed; however the overall dimensions of the dikes would be 75 feet by 75 feet
instead of 50 feet by 50 feet.  The dikes constructed under this alternative would provide the same
type of habitat diversity as the ones in Alternative 1.  The amount of submerged hard substrate
habitat created would be approximately 0.7 acre.  Estimates of habitat acres created by the rock
revetments are based on the total amount of surface area of all of the revetments.

3.4.4. Summary of Environmental Benefits.  Implementing  Alternative 1, Construct 10 “T”
Dikes, would result in an average annual increase of 0.4 acres of habitat.  Implementing
Alternative 2, Construct 20 “T” Dikes, would result in an average annual increase of 0.7 acres of
habitat.  Implementing Alternative 3, Construct 10 Large “T” Dikes, would result in an average
annual increase of 0.7 acres.  No action for all three alternatives results in no significant
environmental impacts.

3.5 Relationship Among Alternatives

The three alternatives cannot be effectively combined.  The alternatives consist of varying the size or
number of “T” dikes to be constructed between Ohio River mile 372 and 373.  Therefore, only one of
the alternatives can effectively be implemented.  IWR-PLAN requires that each alternative be
assigned costs and outputs associated with both implementing and not implementing the alternative.
The cost for not implementing an alternative (No-Action) is $0.  The environmental outputs
associated with not implementing an alternative (No-Action) are the quantity of habitat that would be
impacted (lost) over the life of the project if the alternative is not implemented.  These values are
calculated in terms of average annual impacts, which are the cumulative number of acres impacted
each year by the project divided by 50, the number of years the project will exist.  The No-Action
outputs are entered into IWR-PLAN as negative values (lost habitat).

The cost of implementing each alternative is stated in average annual costs and includes construction
costs and operation and maintenance costs.  The environmental outputs associated with implementing
each alternative are calculated as the quantity of habitat created by the alternative and the quantity of
habitat protected from loss if the alternative were not implemented (the No-Action impacts).
Because of the method that IWR-PLAN uses to combine alternatives to derive the various
combinations of alternatives, the impacts associated with implementing the alternative must be
entered into the program as net impacts.  Net impacts for each alternative are calculated as the
impacts associated with implementing the alternative minus the No-Action impacts.

When developing the combination of alternatives, IWR-PLAN includes each alternative in the
combination and assigns either an action or no-action status to each.  For instance, the IWR-PLAN
derived output from implementing Alternative 1 is actually calculated as the combination of the net
impacts of the action of Alternative 1 (0.4 acres) and the no-action impacts of Alternative 2 (0 acres)
and Alternative 3 (0 acres), resulting in a combined impact of 0.4 acres.
Including No-Action, a total of four actual combinations of alternatives exist.
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3.6 Cost Effectiveness Analysis

Cost effectiveness analysis is intended to illustrate which alternatives can produce the same amount
of environmental output for less costs or a larger quantity of output for the same or less cost.
Table 3-5 presents the average annual cost, annual environmental outputs, and average cost per
output for each combination of alternatives.  The cost-effective combinations are:  No-Action,
Alternative 1, and Alternative 2.  These combinations are presented in bold type in Table 3-5.

Table 3-5. Upper Twin Creek “T” Dikes Project,
Cost Effectiveness Analysis

Alternative
Outputs
(Acres)

Costs
($1,000)

Average Cost
($/Acres)

No Action 0.0 0.00 0
Alternative 1 0.4 18.72 46,800
Alternative 2 0.7 30.58 43,685
Alternative 3 0.7 34.82 49,743

          Source:  G.E.C., Inc.

3.7 Incremental Cost Analysis

Incremental cost analysis illustrates the increase in costs associated with advancing from one output
level to the next higher output level.  Table 3-6 presents the average annual cost, the annual
environmental output, the average cost of output, the incremental output, and the total and per unit
incremental cost of the “best buy” alternatives.

Table 3-6. Upper Twin Creek “T” Dikes Project,
Incremental Cost Analysis of Increasing Output from the No-Action Alternative

for the “Best Buy” Alternative

Alternative
Outputs
(Acres)

Costs
($1,000)

Average
Cost

($/Acres)

Incremental
 Cost

($1,000)

Incremental
Output
(Acres)

Incremental
Cost Per

Output ($)
Alternative 2 0.7 30.58 43,686 30,580 0.7 43,686

Source:  G.E.C., Inc.

Alternative 2 is considered the “best buy” alternative, or the alternative that would generate the most
output for any additional money expended.  The average cost per habitat acre for Alternative 2 is
$43,686, which is also the incremental cost per acre.  A total of 0.7 beneficial habitat acres are
produced under this alternative.  The total annual incremental cost, the increase in costs from no-
action, is $30,580

Alternative 2 generates 0.7 acre of habitat at a cost of $30,580.  This equates to a cost of $43,686
($30,580/0.7) per acre of output.  The other cost-effective alternative, Alternative 1, produces a total
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of 0.4 acre at a total cost of $46,800.  This equates to a cost of $117,000 ($46,800/0.4) per acre of
output.  Alternative 2 produces more output at a lower per unit cost, making it a “better buy” than
Alternative 1.  For this reason, Alternative 2 is considered the “best buy” plan.

4.0 SUMMARY AND CONCLUSION

This report presents an incremental analysis on the Upper Twin Creek “T” Dikes Project, which is
associated with a proposed ecosystem restoration program for the Ohio River. The Upper Twin
Creek “T” Dikes Project is located in Scioto County, Ohio, approximately 14.5 miles southwest of
Portsmouth, Ohio, and is in the Ohio River Meldahl Pool between Ohio River Mile (ORM) 372 and
373.

The primary goals of the Upper Twin Creek “T” Dikes project are to provide aquatic habitat diversity
upstream from Upper Twin Creek and to provide velocity shelters for fishes in the Ohio River during
winter and times of high flows.  Increased habitat diversity would correlate with a sustained fishery
resource and an improved recreational fishery.  Three alternatives were evaluated as part of the
project and include: Alternative 1, Construct 10 “T” Dikes; Alternative 2, Construct 20 “T” Dikes;
and Alternative 3, Construct 10 Large “T” Dikes.

Under Alternative 1, Construct 10 “T” Dikes, a group of 10 “T” shaped boulder structures measuring
50 feet by 50 feet would be created upstream from Upper Twin Creek along the main channel border
of the Ohio River.  Under Alternative 2, Construct 20 “T” Dikes, a group of 20 “T” shaped boulder
structures measuring 50 feet by 50 feet would be constructed at the site described under
Alternative 1.  Under Alternative 3, Construct 10 Large “T” Dikes, a group of 10 “T” shaped boulder
structures measuring 75 feet by 75 feet would be constructed at the location described under
Alternative 1.  All three of these alternatives will, to varying degrees, increase submerged habitat and
provide velocity shelters for fishes during all seasons.

The following subsections provide a summary of impacts, as well as the cost effectiveness analysis.

4.1 Environmental Benefits

4.1.1. Alternative 1. Construct 10 “T” Dikes.  Constructing 10 “T” dikes upstream from Upper
Twin Creek along the main channel border of the Ohio River will increase the diversity of
submerged habitat and provide velocity shelters for fishes during all seasons.  If this alternative is
implemented, 0.4 acres of hard substrate aquatic habitat will be created.  There will be no direct loss
of habitat for no-action under this alternative.

4.1.2. Alternative 2.  Construct 20 “T” Dikes.  Constructing 20 “T” dikes upstream from
Upper Twin Creek will increase the diversity of submerged habitat and provide velocity shelters for
fishes during all seasons.  If this alternative is implemented, 0.7 acres of hard substrate aquatic
habitat will be created.  There will be no direct loss of habitat for no-action under this alternative.

4.1.3. Alternative 3.  Construct 10 Large “T” Dikes.  Constructing 10 large “T” dikes
upstream from Upper Twin Creek will increase the diversity of submerged habitat and provide
velocity shelters for fishes during all seasons.  If this alternative is implemented, 0.7 acre of hard
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substrate of aquatic habitat will be created.  There will be no direct loss of habitat for no-action under
this alternative.

4.2 Cost Effectiveness and Incremental Cost Analysis

Cost effectiveness and incremental cost analyses were conducted for the combination of alternatives
in order to provide decision-makers with information to choose the combination of alternatives that
best satisfy project objectives. The environmental outputs of the alternatives were measured in
habitat acres.  Cost effectiveness analysis compares alternative plans that produce environmental
outputs and determines which plan produces the largest quantity of output for a given cost, or
produce the same or greater quantity of output for less cost.  The cost-effective alternatives are:  No-
Action, Alternative 1, and Alternative 2.

Incremental cost analysis compares the increase in costs (of cost-effective alternatives) of advancing
from one output level to the next higher level of output.  The resulting “best buy” alternative is
Alternative 2.  The average cost per habitat acre for Alternatives 2 is $43,686, which is also the
incremental cost per acre.  A total of 0.7 beneficial habitat acres are produced under this
combination.  The total annual incremental cost, the increase in costs from No-Action, is $30.580.
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